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PEE FACE 


The  aim  which  I  have  steadily  kept  before  me  throughout 
the  following  pages,  when  dealing  with  the  causes,  symptoms, 
and  treatment  of  Diseases  of  the  Ear,  and  the  treatment  of  the 
Affections  of  the  Nose  and  Phar^nix  which  conduce  to  aural 
disease,  has  been,  before  all  things,  to  be  of  service  to  the 
members  of  the   Profession  who  feel   themselves   drawn   to   o-ive 

o 

special  attention  to  a  department  the'  importance  of  which,  I 
regret  to  say,  is  still  only  partialh^  recognised. 

It  will  be  noted  in  the  course  of  the  work  that  where  I 
have  felt  compelled  to  differ  from  justly  respected  authorities, 
I  have  fully  set  forth  my  reasons  for  so  doing ;  and  where  I 
depart  from  traditional  methods  -of  treatment  I  have,,  by  a 
sufficiency  of  detail,  I  trust,  made  riiy  meaning  and  method 
clear. 

I  gladly  avail  myself  of  these  few  introductory  lines  to 
make  my  acknowledgments  to  Mr.  Richard  Lake  for  the 
sections  of  Aural  Polypi,  and  to  Dr.  Fjiederic  Hewitt  for 
valuable  suggestions  with  respect  to  the  administration  of 
anaesthetics. 

In  sending  forth  my  work  I  cherish  the  hope  that  it  may 
be  found  materially  to  aid  all  earnest  workers  in  the  Profession. 


T.   MARK   HOVELL. 


lOo,  TIarley  Street,  W., 
August,  1894. 
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INTRODUCTION— GENERAL   SKETCH   OF  THE   ORGAN  OF 

HEARING. 

'I'he  sense  of  hearing  enables  the  mind  to  take  cognizance  of 
those  oscillations  of  elastic  bodies  Avliich  cause  the  phenomena  of 
sound.  Such  oscillations  are  transmitted  to  the  ear  through  an 
elastic  medium,  and  most  frequently  through  the  atmosphere; 
))ut  they  may  also  be   communicated  by  liquids,  and  with  even 

1 


2  THE   ORdAN   OF  HEARING. 

greater  velocity  by  solid  conductors  possessing  a  high  degree  of 
elasticity,  and  directly  connecting  the  source  of  the  sound  with 
the  organ  of  hearing. 

In  its  simplest  condition,  as  in  medtisoi,  the  organ  of  hearing 
takes  the  form  of  minute  capsules,  containing  a  transparent  jelly. 
and  situated  at  the  bases  of  the  marginal  tentacles,  around  the 
margin  of  the  umbrella-like  expansion.  In  worms  and  molhiscs, 
the  auditor}"  organ  is  similarly  represented  by  a  closed  mem- 
branous sac  or  vesicle,  filled  with  fluid,  in  which  one  or  more 
otoliths  are  found.  The  vesicle  is  lined  with  cells,  which,  in  the 
higher  groups,  are  connected  at  their  bases  \\'ith  branches  of  the 
auditory  nerve,  and  are  furnished  with  bristles  at  their  free 
extremities.  These  bristles  are  the  terminal  organs  of  the  nerve ; 
in  some  of  the  annulosa  they  have  been  seen  to  vibrate  when 
sound  was  conducted  into  the  water  in  which  the  creatures  were 
placed.  This  vesicular  membranous  structure,  with  various 
modifications  and  additions,  is  found  in  all  classes  of  animals,  and 
constitutes  the  essential  part  of  the  organ  of  hearing,  viz..  the 
soundr-perceiving  apparatus.  In  the  human  subject  it  is  repre- 
sented by  a  more  complex  arrangement — the  membranous  lahipinfh, 
contained  in  a  small  cavity  excavated  in  the  petrous  portion  of  the 
temporal  bone.  This  cavity,  or  osseous  labyrinth,  is  incompletely 
di\-ided  into  three  parts,  the  vestibule  (v),  the  semi-circular  canals 
(h).  and  the  cochlea,  and  similar  terms  are  applied  to  the  corre- 
sponding divisions  of  the  membranous  labyrinth,  which  are 
separated  from  their  osseous  case  b}^  the  periosteum  of  the  latter, 
and  a  clear  fluid,  termed  the  perilymph.  On  the  outer  side  of  the 
labyrinth  is  another  cavity,  the  tympanum  (p),  in  the  anterior 
portion  of  ^^'hich  is  the  opening  of  the  Eustachian  tube  (te),  com- 
municating with  the  throat  and  providing  for  the  access  of  air  to 
the  cavity.  The  t^mipanum  is  bounded  externally  by  a  membrane 
(t)  resembling  a  drumhead,  and  connected  with  the  internal  wall 
by  means  of  a  chain  of  three  small  bones.  The  outer  bone  of  the 
chain  (k)  is  closely  attached  to  the  membrana  tympani,  while  the 
inner  one  (s)  is  applied  to  an  opening  in  the  outer  wall  of  the 
\estibule.  The  ossicles  are  articulated  together  by  joints,  ad- 
mitting of  certain  movements  under  the  action  of  small  muscles, 
\N'hich  thus  alter  the  tension  of  the  membrana  tympani  and  the 
l)ressure  of  the  lymph  of  the  labyrinth.  The  ossicles  serve  to 
^'ommunicate  vibrations  from  the  former   to  the   latter  of  these 
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structures.  On  the  outer  side  of  the  tympanic  membrane  is  a 
canal  (A(i),  the  external  meatus,  witli  an  expanded  portion  for 
collecting  vibrations  and  conducting  them  to  the  internal  parts. 
For  i)urposes  of  description  the  organ  of  hearing  is  divided 
into  three  portions,  termed  respectively  the  external,  middle,  and 
internal  ear,  these  being  separated  from  each  other  in  the  manner 
above  described.     From   a  physiological  point  of  view,  the  organ 


Fig.  1. 
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AG,  external  auditory  meatus;  T,  tympiinic  membrane;  K.  malleus  with  its  head  (A),  short 
profess  (A/),  and  handle  (>ii) ;  a,  incus  with  its  short  process  (s)  and  louo;  process — the  latter  is 
united  1o  the  stajies  («•)  hy  means  of  the  Sylvian  ossicle  (^) ;  P,  middle  ear;  o,  fenestra  ovalis  ; 
r,  fenestra  rotunda  ;  r,  bef(innin{/  of  the  lamina  spiralis  of  the  cochlea  ;  pt,  its  scala  tymjjani, 
and  vt,  its  scala  vestibuli;  V,  vestibule;  S,  saccule;  U,  utricle;  H,  senii-circidar  canals; 
TE,  Eustachian  tube.  The  lonj^  arrow  indicates  the  line  of  action  of  the  tensor  tympani ;  the 
short  curved  one  that  of  the  staix-dius.     {L'lndois  and  IStirling.) 


may  be  regarded  as  consisting  of  a  sound-condtictinr/  and  a  sound- 
jierceiving  api)aratus ;  the  former  including  the  external  and 
middle  ear  ;  and  the  latter,  the  structures  of  the  internal  ear,  tlie 
<iuditory  nerv(\  and  the  psycho-acoustic  cerebral  centre. 

Before  considering  tlie  diseases  to  which  these  various  parts 
are  subject,  an  account  will  be  given  of  the  anatomy  and  functions 
of  the  sound-conducting  apparatus,  and  this  will  be  followed  by  a 


description  of  the  methods  of  exami 
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le  ear. 
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THE  ANATOMY  AND  PHYSIOLOGY  OF  THE  SOUND- 
CONDUCTING  APPARATUS. 

Anatomy  of  the  External  Ear. — The  external  ear  consist& 
of  t\\()  parts  :  tlie  iiliina  or  aarlcle,  ^^•hich  projects  from  the  side 
of  the  head  ;  and  the  auditory  canal,  or  external  meatus,  directed 
inwards,  and  extending  to  the  membrana  tympani.  which  consti- 
tutes the  external  boundary  of  the  middle  ear. 

The  auricle  is  free  and  expanded,  resembling  a  shell,  and  forms 
a  kind  of  funnel  around  the  meatus.  Its  outer  surface,  which  is 
directed  somewhat  forwards,  presents  several  elevations  and  de- 
pressions, some  of  which  are  seen  in  reverse  on  the  free  portion  of 
its  inner  surface.  Bounding  the  greater  part  of  its  circumference 
is  a  prominent  rim,  the  helix  ;  and  within  this  there  is  another 
curved  prominence,  the  antihelix,  which  commences  below  in  a 
projection  termed  the  antitragus,  and  bifurcates  above  so  as  to 
enclose  a  space,  the  triangular  fossa.  Within  the  curve  formed  by 
the  antihelix,  and  divided  into  two  portions  by  the  anterior 
extremity  of  the  helix,  is  a  large,  deep,  cup-shaped  hollow,  the 
concha,  which  opens  into  the  auditory  meatus.  In  front  of  the 
concha,  and  partially  covering  the  meatus,  is  the  eminence  termed 
the  tragus,  while  below  the  concha  is  a  soft  and  pendulous 
portion,  the  lohule,  or  lohe  of  the  ear. 

The  auricle  consists  mainly  of  a  plate  of  yellow  fibro-carti- 
lage,  covered  with  integument ;  it  is  attached  by  ligamentous  fibres- 
to  the  margin  of  the  external  auditory  meatus  of  the  temporal 
bone.  A  deep  cleft,  filled  up  by  fibrous  membrane,  separates  the 
principal  portion  of  the  cartilage  from  that  of  the  tragus  and 
antitragus.  Other  deep  clefts  exist  between  the  antitragus  and 
the  posterior  extremity  of  the  helix,  and  between  the  connnence- 
ment  of  the  latter  and  the  tube  of  the  ear.  The  cartilage  is 
wanting  in  the  lobule,  which  is  composed  of  fat  and  connective 
tissue.  The  integument  covering  the  auricle  presents  a  few 
differences  on  its  two  aspects.  On  its  inner  convex  surface  it  is 
attached  to  the  cartilage  by  connective  tissue,  containing  many 
elastic  fibres,  and  is  freely  movable,  especially  at  the  upper  and 
lower  extremities  of  the  ear.  On  the  outer  surface,  the  skin  is 
somewhat  firmly  attached  to  the  cartilage  ;  it  is  much  thinner,  and 
the  epidermis  is  verj'  delicate.     On  the  convex  surface  many  fat 
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cells  are  to  be  found  in  the  connective  tissue,  and  these  are  very 
.abundant  in  the  lobule  ;  they  are  much  more  sparsely  distril^uted 
on  the  outer  surface.  Fine  hairs  A\ith  sebaceous  glands,  and  also 
«weat  glands,  are  scattered  over  both  aspects.  The  hairs  are 
especially  abundant  and  long  about  the  tragus,  the  antitragus.  and 
the  intertragic  notch.  In  male  subjects  and  in  old  age  they  are 
often  very  prominent  and  stiff,  and  the  sebaceous  glands  near  the 
meatus  are  apt  to  become  enlarged  and  filled  with  secretion. 

Six  small  muscles  pass  between  different  parts  of  the  auricle  ; 
four  being  situated  on  its  outer,  and  two  on  its  inner  surface. 
Besides  these,  there  are  three  muscles  connecting  the  ear  with  the 
side  of  the  head,  and,  termed  respectively  the  superior,  cmterior,  and 
posterior  auricularis,  or  the  attollens,  attrahens,  and  retraliens 
iLuriculam.  Both  sets  of  muscles  are  but  feebly  developed  in  the 
human  subject ;  very  few  persons  possess  the  power  of  moving  the 
aiiricle  and  of  altering  the  size  of  the  angle  at  its  attached 
portion.  In  many  animals,  on  the  other  hand,  the  auricle  moves 
freely  under  the  influence  of  the  will,  and  the  power  of  estimating 
the  direction  whence  sounds  are  propagated  is  thus  considerably 
increased. 

Vessels  and  Nerves  of  the  Auricle. — The  arteries  are  derived 
from  the  external  carotid,  a  branch  from  which,  the  posterior 
auricular,  is  distributed  mainly  to  the  inner  surface.  The  outer 
surface  is  supplied  by  the  a7iterior  auricular  from  the  temporal,  and 
these  arteries  freely  anastomose  with  each  other,  sending  branches 
through  the  cartilage  and  over  its  margin.  The  occipital  a/rtenj 
also  gives  a  branch  to  the  back  of  the  concha.  The  veins  of  the 
auricle  join  the  temporal  vein,  and  their  blood  thus  passes  into 
the  external  jugular.  Some  auricular  veins  open  directly  into  the 
latter  vein. 

The  auricle  is  supplied  with  nerves  from  several  sources,  viz., 
the  fifth  pair,  the  facial,  the  pneumogastric,  the  cervical  plexus,  and 
the  sijmpatltetic.  The  auriculo-temporal  of  the  third  division  of  the 
fifth  supplies  the  outer  surface  of  the  ear ;  the  posterior  auricular 
of  the  facial,  after  receiving  a  twig  from  the  auricular  branch  of 
the  pneumogastric,  is  distributed  to  the  inner  surface,  and  gives 
filaments  to  the  retrahent  muscle.  The  auricular  branch  of  the 
vagus  is  distributed  to  the  integument  of  the  back  of  the  ear. 
The  ijreat  auricular  nerve  is  derived  from  the  cervical  plexus,  and 
supplies  the  integument  covering  the   mastoid  process,  the  back 
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of  the  auricle,  and  the  outer  surface  of  the  couclia  and  lobule. 
The  occipital  nerve  of  this  plexus  also  gives  a  branch  to  the  back 
of  the  upper  part  of  tlie  ear  and  to  the  attollens  auriculam  muscle. 
The  vaso-motor  nerves  of  tlie  auricle  are  derived  from  the  upper 
cervical  ganglion,  and  some  nerves  of  this  character  appear  to 
accompany  the  great  auricular  nerve.  Section  of  the  sympathetic 
in  the  neck  of  a  rabbit  is  followed  by  dilatation  of  the  blood- 
vessels of  the  ear  and  increase  of  temperature  of  the  part,  while 
opposite  results  are  caused  by  irritating  the  peripheral  end  of  the 
divided  nerve.  It  would  seem  probable  that  vaso-dilator  fibres 
are  distributed  to  the  auricle.  They  are  said  to  be  derived  from 
the  last  branch  of  the  cervical  plexus,  whence  they  pass  into  the- 
first  thoracic  ganglion  ;  irritation  of  these  fibres  has  been  found  to 
cause  dilatation  of  the  blood-vessels  of  the  ear.  A  hypersemie 
condition  of  these  vessels  on  one  side  is  sometimes  noticed  in  cases, 
in  which  the  sympathetic  nerve  in  the  thorax  is  compressed  by 
enlarged  glands. 

Functions  of  the  Auricle. — In  addition  to  its  acoustic- 
functions,  the  auricle  protects  the  external  meatus,  at  least  to- 
some  extent,  from  wind  and  dust,  and  it  also  helps  to  maintain 
an  equable  temperature  and  a  proper  degree  of  moisture  ^^'ithin 
the  canal.  As  a  part  of  the  organ  of  hearing,  the  auricle  receives 
the  sonorous  vibrations  and  conducts  them  to  its  attached  portion 
and  to  the  meatus.  It  has  also  been  considered  to  act  as  a  sound- 
condenser,  and  as  a  resonator  for  high  notes.  It  cannot  be 
regarded  as  an  absolutely  essential  part  of  the  organ  of  hearing, 
inasmuch  as  when  it  is  absent  sonorous  impressions  are  conveyed 
to  the  auditor}^  nerve  through  the  atmosphere,  and  little  or  no 
impairment  of  hearing-power  is  observed. 

With  regard  to  the  jmrt  plaiied  hi/  the  auricle  there  are  twa 
questions  to  be  considered.  In  the  first  place,  it  is  necessary  to- 
determine  the  extent  to  which  its  vibrations  are  transmitted  to  the 
^^'alls  of  the  auditory  meatus  and  the  tympanum ;  and  in  the 
second  place,  the  degree  in  which  the  auricle  reflects  the  sound- 
waves which  reach  its  surface,  towards  the  column  of  air  in  the 
external  meatus.  In  former  times  this  reflection  was  regarded  as 
the  sole,  or  at  all  events,  the  principal  function  of  the  auricle  ;  but 
at  the  present  day.  conduction  of  sound  is  considered  to  be  its 
most  important  oflice. 

Owing  to  its  firmness  and  elasticity,  the  expanded  auricle  is  well 
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adapted  for  the  reception  and  transmission  of  sound-waves,  some  of 
wliich  at  the  same  time  it  reflects.  Irrespective  of  its  elevations  and 
depressions,  it  forms  a  somewhat  flattened  plate,  impulses  against 
the  surface  of  which  are  transmitted  over  it  in  every  direction. 
Tliese  impulses  are  most  freely  conducted  when  the  sonorous  waves 
impinge  perpendicularly  upon  the  auricle,  and  the  nearer  this 
direction  is  approached  the  more  extensive  will  the  vibrations 
become.  But  the  auricle  is  not  a  level  surface,  and  the  whole  of 
it  can  never  be  acted  upon  in  a  perpendicular  direction  by  sonorous 
undulations  proceeding  from  a  given  point.  The  importance  of 
the  complicated  elevations  and  depressions  on  its  surface  thus 
becomes  manifest ;  for  undulations  impinging  upon  the  auricle 
from  any  direction  must  fall  advantageously,  i.e.,  perpendicularly 
or  nearly  so,  upon  some  of  them,  and  then  be  propagated  without 
much  loss  of  force.  The  most  favourable  position  for  the  trans- 
mission of  sound  is  when  the  ear  is  so  situated  that  the  plane 
of  the  largest  portion  of  its  surface  is  directed  perpendicularly 
towards  the  source  of  the  stimulus. 

It  is  very  diflicult  to  estimate  the  amount  of  reflection  which 
takes  place  from  the  auricle.  Boerhave  thought  that  this  structure 
reflected  all  sound-waves  impinging  upon  it,  in  such  a  manner 
that  they  were  directed  into  the  external  meatus.  Very  careful 
experiments  made  with  wax  models  of  the  ear  have,  however, 
shoNvn  that  no  matter  at  what  angle  the  sound-waves  impinge 
upon  the  auricle,  only  a  very  few  of  them  can  possibly  be  directed 
to\N'ards  the  meatus,  and  that  there  are  but  few  points  on  the 
surface  from  which  a  sound-wave  can  take  this  direction.  It  would 
likewise  appear  that  the  double  reflection  from  the  concha  to  the 
tragus  takes  place  to  a  very  limited  extent,  and  that  the  value  of 
the  auricle  as  a  reflector  of  waves  of  sound  is  quite  inconsiderable. 
A  deep  concha  is  said  to  be  accompanied  by  increase  of  hearing- 
])Ower,  and  some  authors  have  supposed  that  the  size  of  the  angle 
which  the  auricle  makes  with  the  surface  of  the  mastoid  process 
influences  the  capacity  for  perceiving  sounds;  an  angle  of  40°  is 
said  to  be  the  most  favourable,  while  hearing  power  is  considerably 
diminished  when  the  angle  is  less  than  15°.  A  general  statement 
of  this  kind  must,  however,  be  incorrect,  for  there  is  no  one  angle 
w  hich  can  be  suitable  for  all  sound-^^'aves.  The  angle  may,  cer- 
tainh",  be  of  considerable  importance  with  reference  to  sonorous 
vibrations  arising  in  front  of  the  head  ;  we  know  by  experience 
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that  hearing-power  for  these  sounds  is  increased  by  bending  the 
auricles  forward  with  the  hands,  and  thus  increasing  the  angles 
they  form  with  the  bone  behind  them.  Persons  whose  hearing- 
is  defective  constantly  adopt  this  manoeuvre,  and  also  increase 
the  recipient  surface,  by  applying  the  palm  of  the  hand  to  the 
back  of  the  ear.  The  improvement  in  hearing  is  caused,  not  so 
much  by  increased  reflexion  of  the  sound-waves,  as  by  the  increase 
in  the  number  of  those  waves,  arising  in  front  of  the  head,  which 
can  impinge  perpendicularly  upon  the  recipient  surface,  and  thus 
cause  more  active  vibrations.  The  same  object  is  attained  bv  the 
motion  of  the  ears  in  the  animals  who  are  able  to  direct  the  orifices 
towards  the  source  of  the  vibrations. 


c- 


Fig.  2. 

The  Auricle,  showing  Acoistic  Potentials.    {Gardiner  Brown.) 

In  the  act  of  listening,  and  whenever  we  \\ish  to  obtain  a 
clear  perception  of  some  definite  sound,  we  generalh'  employ  only 
one  ear,  and  endeavour  to  place  it  under  the  most  favourable 
conditions  for  hearing.  We  direct  the  axis  of  the  auditory  canal 
towards  the  sonorous  vibrations,  so  that  as  large  a  portion 
as  possible  may  enter  directly  into  the  canal,  and  at  the  same 
time  the  auricle,  supposing  that  it  forms  a  medium-sized  angle 
with  the  head,  is  placed  in  a  favourable  position  for  the  reception 
of  the  sound-waves,  for  many  of  its  parts  are  perpendicular  to 
them.     The  value  of  the  auricle  as  a  resonator  was  pointed  out 
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a  few  years  ago  by  the  late  Mr.  Gardiner  Brown.*  Dr.  Zaufal,  of 
Prague,  discovered  that  friction  over  the  tragus  produced  the 
middle  C  in  some  perfect  specimens  of  auricle,  by  reason  of  the 
vibrations  excited  in  its  cartilage.  From  some  experiments  made 
on  the  auricles  of  musical  persons,  Mr.  Brown  ^^'as  led  to  believe, 
not  only  that  Zaufal's  statement  was  correct,  ''but  also  that  in  a 
\\ell-formed  auricle  the  whole  free  margin  of  the  cartilage  gives  a 
beautifully  graduated  ascending  scale  of  notes,  forming  a  complete 
octave  from  the  tragus  in  front  to  the  posterior  border  of  the 
helix  behind  (C,  D.  E,  F,  G,  «,  h,  c)."  The  antitragus  yields  a 
distinct  and  isolated  note,  the  E,  which  serves  to  reinforce  the  E 
of  the  helix.  The  notes  are  produced  by  quickly  passing  the 
finger  or  the  rubber-end  of  a  pencil  over  the  different  segments 
between  the  radial  lines  indicated  in  the  figure.  It  will  be  seen 
that  the  notes  forming  the  bases  of  all  music — namely,  the  first 
major  triad,  C,  E,  G — are  produced  by  friction  on  the  tragus, 
antitragus,  and  middle  of  the  upper  margin  of  the  helix.  The 
small  muscles  connected  with  the  ear  were  believed  by  Mr.  Bro^^■n 
to  play  a  not  unimportant  part  in  connection  with  auditory 
perception.  The  intrmsic  muscles  "  are  serviceable  chiefly  in 
increasing  the  tension,  and  thus  raising  the  pitch  of  the  resonance 
of  different  parts  of  the  cartilage,  and  regulating  the  size  of  its 
fossae."  The  extrinsic  muscles  of  the  ear  assist  in  the  transmission 
to  the  tympanum  of  the  vibrations  falling  upon  the  auricle,  for 
they  serve  to  render  the  attachment  of  the  latter  to  the  head 
more  tense  during  the  act  of  listening,  and  also  keep  the  tubular 
part  of  the  cartilage  and  its  membranous  connecting  link  well 
open,  thus  increasing  the  resonance  of  air  in  the  external  meatus. 
Dr.  Burnett,  of  Philadelphia,  so  far  agrees  with  Mr.  Brown  as  to 
■quote  with  approval  Helmholtz's  view  that  "  the  most  probable 
function  of  the  auricle  is  that  of  a  resonator  adapted  to  augment 
just  those  hifjli  notes  or  sounds  most  likeh^  to  be  of  interest  and 
importance  to  man." 

The  auditory  canal,  or  external  meatus,  passes  in\^ards  from  the 
concha,  and  consists  of  two  parts ;  one  being  cartilaginous  and 
fibrous,  and  the  other  osseous.  The  former  is  a  prolongation 
inwards  of  the  cartilages  of  the  concha  and  tragus.  These  form  a 
channel  open  above   and  behind,  and   converted  into  a  tube  by 

*  "The    Acoustic    Potentials    of    the    Human    Auricle."     Head   before    the 
Otological  Section  of  the  International  Medical  Congress,  1881. 
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fibrous  nieinbrane  extending  between  the  borders  of  the  cartilage. 
The  proportion  of  the  canal  made  up  of  fibrous  membrane  increases 
from  without  inwards,  wliile  the  cartilaginous  portion  decreases^ 
and  finally  terminates  in  a  small  rounded  extremity.  Near  its 
connnencement  it  j^resents   anteriorly  two  or  three  irregular  trans- 


Fig.  3. 

Horizontal  Sectiox  through  the  Exterxal  Meatis. 

Natural  size.     (Schicalbe.) 

The  surface  of  the  bone  marked  by  lines;  that  of  the  cartilage  by  dots  ;  the  external  meatus  in 
darker  shading ;  a  b,  external  opening  of  the  meatus,  the  tragus  being  regarded  as  a  portion 
of  the  anterior  wall ;  b  c.  external  opening  of  the  meatus,  as  ordinarily  described  ;  ac-\-  cd^ 
the  cartilaginous  portion;  de,  the  osseous  portion  of  the  external  meatus.  1,  The  cartilage 
of  the  concha;  b,  its  border  projecting  forwards;  2,  the  cartilage  of  the  tragus;  3,  medial 
portion  of  the  anterior  wall  of  the  cartilage  of  the  meatus,  at  c,  the  incisura  Santorini  major ; 
4,  the  parotid  gland  ;  -i.  condyle  of  the  lower  jaw ;  6.  os  tympanicum,  anterior  wall  of  the 
osseous  meatus ;  7,  tympanic  membrane  ;  8,  tympanum ;  9,  internal  carotid  arterj- ;  10,  fibrous 
portion  of  the  posterior  wall  of  the  meatus  ;  11,  mastoid  cells  ;  12,  lateral  sinus. 


verse  fissures  (the  fissures  of  Santorini),  closed  by  a  fibrous 
membrane  whicli  often  contains  a  few  muscular  fibres.  These 
gaps  increase  the  mobility  of  the  cartilage,  and  facilitate  the 
straightening  of  the  canal.  The  length  of  the  external  auditory 
meatus  is  varioush*  estimated  by  different  anatomists  ;  the  differ- 
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eiices  are  mainly  attributable  to  a  want  of  agreement  as  to  the 
external  limits  of  the  canal.  Some  authorities  have  included  the 
tragus  in  their  measurements  of  the  walls  of  the  meatus.  As 
pointed  out  by  Mr.  Symington.  "  the  only  part  of  the  outer  end 
of  the  meatus  which  can  naturally  be  distinguished  from  the 
concha  of  the  pinna  is  its  posterior  wall,  for  this  turns  abruptly 
backwards,  while  the  other  walls  pass  out\\'ards  into  the  pinna 
^vithout  an}'  distinct  line  of  demarcation."  Most  anatomists  now 
agree  with  Von  Troltsch  in  taking  as  the  external  boundary  of 
the  meatus  a  sagittal  plane  passing  through  the  outer  end  of  its 
posterior  wall.  He  gives  24mm.  as  its  average  length  in  the 
adult ;  the  anterior  wall  being  27mm.,  lower  26,  posterior  22.  and 
upper  21.  The  cartilaginous  portion  is  about  9mm.  in  length,  its 
floor  being  decidedly  longer  than  its  superior  and  posterior  walls. 
It  is  attached  to  the  osseous  portion  by  means  of  fibrillary  con- 
nective tissue,  containing  many  elastic  fibres.  The  osseous 
portion  has  nearly  double  the  length  of  the  cartilaginous  part ; 
its  measurements  are  thus  given  by  Von  Troltsch — anterior  wall, 
18  :  inferior,  16  ;  posterior,  15  ;  superior,  14  millimetres.  At  its 
inner  end  the  osseous  meatus  is  terminated  by  the  memhrana 
tiimpani,  which  is  inserted  into  a  narrow  groove  in  the  bone. 
This  groove  extends  around  the  sides  and  floor  of  the  opening, 
but  is  deficient  in  front  and  above  ;  and  to  the  notch  thus  formed, 
the  grooveless  segment  of  the  tympanic  ring,  the  memhraim 
ffaccida.  or  Shrapnell's  membrane,  is  attached. 

The  general  direction  of  the  auditory  canal  is  from  without 
in^\•ards  and  slightly  forwards ;  but  the  cartilaginous  portion  in 
passing  inwards  is  directed  backwards  and  upwards,  while  the 
osseous  portion  turns  downwards  and  forwards.  The  capacifij  of 
the  meatus  varies  considerably  in  different  individuals.  The 
cartilaginous  portion  is  sometimes  so  large  as  to  admit  the  little 
finger ;  in  other  cases  it  is  scarcelj'  larger  than  a  full-sized  goose- 
quill.  According  to  Dr.  Burnett,  the  entire  canal  is  often  par- 
ticularly wide  and  straight  in  the  negro,  so  that  the  memhrana 
tinnpani  can  be  seen  without  the  aid  of  the  speculum.  A  similar 
condition  is  sometimes  noticed  among  Europeans.  The  canal  is 
oval  in  form  ;  at  the  entrance  the  long  diameter  is  perpendicular, 
but  internally,  and  at  the  memhrana  tymjmni,  the  canal  is  widest 
from  side  to  side.  At  the  line  of  junction  between  the  car- 
tilaginous and  bony  portions,  the  canal  is  somewhat  constricted. 
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4111(1  fi'oiii  tliis  point  its  calilire  increases  towards  botli  tlie 
tynipanuin  and  the  entrance.  At  the  latter  spot  it  is  ainaiii 
<liminislied.  The  average  measurements  in  millimetres  of  the 
<liameter  of  the  canal  are  as  follows : — At  the  entrance,  5-7  ; 
at  the  widest  jiortion  of  the  cartilaiiinons  part.  9-11  ;  at  the 
junction  of  the  portions.  7-9 ;  and  at  the  membrana  tympani, 
9-11.  In  some  cases,  the  anterior  wall  of  the  osseous  canal  bulges 
inwards,  so  as  to  prevent  the  corresponding  portion  of  the  mem- 
brana tympani  from  being  visible. 


^^ 


Fig. 

Vertical  Section  through  the  External  Meatus.    (Schu-albe.) 

The  surface  of  the  bone  marked  bj"  lines  ;  that  of  the  cartilage  by  dots.  a6,  the  caitilaginous, 
and  6  c,  the  osseous  meatus.  1,  the  cartilage  of  the  tragus,  bent  down  upon  the  uppei-  wall  of 
the  meatus  ;  2  and  3,  portions  of  the  cartilage  in  the  floor  of  the  meatus ;  between  them  the 
incisura  Santorini  minor  ;  4,  os  tjnnpanicum ;  at  b,  the  wedge  of  connective  tissue  between 
the  cartilaginous  and  osseous  portions  of  the  meatus;  5,  the  piirotid  gland;  6,  internal 
carotid  artery ;  7,  t  jnnpanic  membrane  ;  8,  the  tympanum  ;  9,  the  malleus  ;  10,  the  squamous 
bone  ;  11,  the  concha. 


The  relations  of  the  external  auditory  meatus  to  adjacent 
parts  are  of  much  practical  importance.  Its  anterior  wall  is  close 
to  the  condyle  of  the  lower  jaw-bone,  two  thirds  of  the  posterior 
surface  of  which  correspond  to  the  osseous  meatus,  while  the 
remaining  third  is  in  relation  with  the  cartilaginous  portion.  As 
a  result  of  its  proximity,  the  movements  of  the  lower  jaw  produce 
alterations  in  the  calibre  of  the  latter  part  of  the  meatus.  If  a 
finger  be  passed  into  the  ear  and  the  mouth  opened,  the  meatus  is 
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felt  to  increase  in  size,  because  the  condj^le  of  the  jaw  passes 
forwards;  when  the  mouth  is  closed,  the  canal  is  lessened  in  size, 
because  the  condyle  resumes  its  place  in  the  glenoid  fossa. 
External  to  the  condyle,  the  upper  end  of  the  posterior  border  of 
the  imroHd  cjland  reaches  to  the  cartilaginous  portion  of  the  meatus. 
When  suppuration  takes  place  in  the  parotid,  pus  may  find  its  way 
into  the  meatus,  through  one  or  other  of  the  fissures  already 
mentioned.  In  like  manner,  in  cases  of  abscess  or  ulceration  of 
the  external  meatus,  purulent  matter  may  pass  through  these 
fissures  into  the  parotid  gland.  The  floor  of  the  external  meatus 
is  in  relation  through  nearly  its  entire  extent  with  the  deep 
process  of  the  parotid  gland  in  the  retromaxillar}'  fossa.  The 
superior  icall  of  the  meatus  is  represented  internally  by  the  attach- 
ment of  the  membrana  tympani,  and  posteriorly  it  comes  into 
relation  ^ith  the  mastoid  cells.  More  externally,  it  is  separated 
from  the  base  of  the  skull  by  cellular  air-spaces  communicating' 
with  the  mastoid  cells,  the  distance  betA\'een  the  two  parts 
depending  upon  the  degree  in  which  these  spaces  and  their  walls 
are  developed.  The  posterior  wall  of  the  meatus  is  separated  by 
a  ver}'  thin  plate  of  bone  from  the  mastoid  cells,  and  is  about 
12mm.  distant  from  the  lateral  sinus.  In  this  wall  is  seen  the 
tympano- mastoid  fissure,  and  the  mastoid  cells  are  further  con- 
nected with  it  by  means  of  small  canals  containing  vessels  and 
strands  of  connective  tissue. 

Mention  must  also  be  made  of  other  portions  of  the  temporal 
bone  which  correspond  with  various  parts  of  the  ear.  The  juf/uldr 
fossa,  for  half  of  its  roof,  forms  the  floor  of  the  tympanic  cavity, 
the  anterior  wall  of  which  is  a  portion  of  the  carotid  canal ;  the 
roof  of  the  tympanum  is  formed  b}'  a  tJmi  plate  of  bone  on  the 
upper  surface  of  the  petrous  portion,  external  to  the  jugum  petrosum. 
and  near  the  angle  of  union  with  the  squamous  portion.  Tht^ 
superior  horder  of  the  petrous  bone  is  grooved  for  the  superior 
petrosal  sinus,  which  begins  at  the  back  part  of  the  cavernous 
sinus,  and  receives  the  blood  from  the  ophthalmic  vein,  a  relation- 
ship which  may  explain  the  occasional  development  of  ocular  and 
facial  symptoms  in  thrombosis  of  the  sinus  from  aural  disease. 
The  inferior  petrosal  sinus  passes  backwards  along  the  inferior 
margin  of  the  petrous  bone,  and  ends  in  the  lateral  sinus,  or  in 
the  internal  jugular  vein.  The  former  receives  the  blood  from  the 
superior  petrosal  sinus. 
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On  tlie  ])osterior  surface  of  the  petrous  portion  is  the  narrow 
fissure  for  the  aquwdttdiis  vestihuli.  This  is  covered  by  a  depressed 
scale  of  bone,  and  is  situated  three  lines  behind  the  internal 
auditory  meatus.  Through  this  aperture  purulent  secretion  some- 
times passes  into  the  cranial  cavity  from  the  tympanum  and 
vestibule.  Another  small  aperture,  for  the  afpuedudiis  cocldew, 
begins  in  a  triangular  wider  depression  in  the  posterior  border 
•directly  below  the  internal  auditoiy  meatus.  This  canal  passes  up- 
wards and  outwards  through  the  substance  of  the  petrous  bone  to  the 
scala  tiimpani.  and  through  it  a  communication  takes  place  between 
the  latter  and  the  subarachnoid  space.  At  the  base  of  the  skull, 
in  the  plate  of  bone  between  the  jugular  fossa  and  the  carotid 
■canal,  is  a  small  foramen  through  which  the  nerve  of  Jacohson 
•(from  the  petrous  ganglion  of  the  glosso-pharyngeal)  passes  to  the 
tympanum,  and  in  the  wall  of  the  carotid  canal  is  a  small  opening 
for  the  tt/mjKinic  h'anch  of  the  carotid  plexus.  The  auricular 
branch  of  the  vagus  passes  in  a  groove  and  foramen  in  the  jugular 
fossa,  and  close  to  the  canal  for  the  tensor  tympani  muscle  is  a 
foramen  for  the  small  superficial  petrosal  nerve.  The  lanfe  nerve 
of  that  name,  from  Meckel's  ganglion,  through  the  Vidian  nerve, 
passes  in  a  groove  on  the  anterior  surface  of  the  petrous  portion  to 
a  foramen,  the  hiatus  Falloptii,  and  is  thus  conducted  to  the 
-aqueduct,  where  it  joins  the  gangliform  enlargement  of  the  facial 
nerve. 

The  integument  of  the  meatus  is  continuous  with  that  of  the 
Auricle,  but  gradually  becomes  thinner  and  more  delicate.  It  is 
firmly  attached  to  the  wall  of  the  canal,  and  at  the  inner  extremity 
it  is  stretched  over  the  membrana  tympani,  of  which  it  forms  the 
•external  layer.  It  is  easily  detached  from  that  structure  after 
maceration  in  water,  or  when  decomposition  has  occurred ;  the 
•cuticular  lining  of  the  canal  can  then  be  drawn  out  in  the  form  of 
■a  tube  closed  at  one  end. 

The  skin  of  the  external  meatus  exhibits  certain  peculiarities  in 
•different  parts.  In  the  cartilaginous  portion  and  on  the  roof  of 
that  part  of  the  osseous  meatus  which  is  formed  by  the  squamous 
bone,  it  resembles  the  ordinary  integument.  But  in  the  remaining 
larger  portion  of  the  osseous  meatus,  it  is  very  thin  (not  more  than 
one-tenth  of  a  millimetre  in  thickness),  and  closely  blended  with 
the  periosteum,  so  as  to  form  a  shining  fibrous  membrane.  Neither 
liairs  nor  glands  are  present ;  but  near  the  membrana  tympani 
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there  are  rows  of  vascular  papillae,  parallel  to  the  long  axis  of  the 
meatus. 

In  the  cartilaginous  portion,  and  on  the  part  of  the  osseous 
meatus  formed  by  the  squamous  bone,  the  skin  is  supported  by  a 
thickish  and  firm  layer  of  connective  tissue,  containing  fat  cells, 
but  with  papillae  only  slightly  marked.      It  contains   many  fine 


Fig.  o. 

Sectiox  through  the  Integumext  of  the  Cartilaginous  Portion  ok  the  Meatus,    x  oO. 

{Schwalbe.) 

],  Epidermis;  2,2,  hairs;  3,3,  hair-follicles;  4,  4,  sebaceous  glands;  5.  5,  pit-lil<e  depressions, 
into  which  the  hair-follicles,  with  their  sebac30us  glands  and  the  ceruminous  glands,  open ; 
6,  other  small  pits  divided  by  the  incision  ;  7,  excretory  ducts  of  tlie  ceruminous  glands,  with 
a  bifurcation  at  a ;  8,  acini  of  the  ceruminous  glands. 


soft  hairs  and  sebaceous  glands,  which  open  into  the  follicles  ot 
the  latter.  The  structures  peculiar  to  this  part  are,  however,  the 
so-called  ceniminous  (jlands,  which  are  found  in  great  abundance  at 
varying  depths  from  the  surface.  These  glands  are  a  modification 
of  the  sweat  glands,  and  are  similar  to  those  found  in  the  eyelids. 
The  duct  of  each    gland   opens  into  a  pit-like  de])ression,   ^\'hich 
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also  contains  a  minute  hair  with  its  sebaceous  glands.  The  walls 
of  these  glands  consist  of  a  layer  of  cubical  epithelial  cells,  and 
an  outer  layer  of  longitudinal  smooth  muscular  fibres ;  the 
cells  are  filled  A\'ith  many  brownish-yellow  granules.  Schwalbe* 
states  that  he  has  not  been  able  to  discover  any  fat  ^^'ithin  the 
ducts  or  cells  of  these  glands,  and  he  therefore  thinks  that 
they  do  not  secrete  the  fatty  constituents  of  the  cerumen  of 
the  ear.  These,  he  considers,  are  formed  by  the  sebaceous  glands 
of  the  hair  follicles,  within  which  fatty  masses  are  easily  discover- 
able. The  ceruminous  glands  are  therefore  wrongly  named  : 
they  are  really  sweat  glands  modified  in  a  peculiar  manner,  and  in 
all  probability  contribute  a  fluid  secretion,  containing  yellow  or 
brownish  granules  of  colouring  matter,  which  is  mixed  wdth  the 
fat  yielded  by  the  ordinary  sebaceous  glands.  The  fact  that  both 
kinds  of  glands  open  into  the  same  cavity  explains  the  mixture  of 
the  secretions.  The  number  of  these  glands  has  been  estimated  at 
from  one  to  two  thousand.  They  decrease  in  size  and  numl)er 
towards  the  membrana  tympani.  The  mixed  secretion  is  calcu- 
lated to  entangle  particles  of  dust,  and  to  prevent  them  from 
passing  into  the  deeper  part  of  the  meatus.  In  some  persons,  the 
cerumen,  if  not  carefully  removed  from  time  to  time,  forms  hard 
masses,  more  or  less  blocking  up  the  canal,  and  interfering  with  the 
conduction  of  sound  and  the  vibrations  of  the  membrana  tympani. 

The  meatus  in  the  new-born  child  differs  in  many  respects 
from  the  same  canal  in  adults.  It  forms  a  relatively  narrow 
cleft,  compressed  from  above  downwards.  '•  In  the  foetus  the 
meatus  is  closed,  its  lower  wall  being  in  contact  internally  with 
the  membrana  tympani,  and  external  to  it  with  the  superior 
wall.  Towards  the  end  of  foetal  life  these  become  separated 
by  an  accumulation  of  epithelium,  or  vernix  caseosa.  in  the 
meatus.  This  is  first  found  at  the  inner  end  of  the  meatus, 
between  the  floor  and  the  membrana  tj'mpani.  ...  At  birth,  the 
walls  of  the  meatus  are  either  in  contact,  or  the  cavity  is  filled 
with  vernix  caseosa,  so  that  a  child  is  born  with  its  ears  practi- 
cally closed.''t  Kussmaul  states  that  the  most  discordant  sounds 
made  near  a  new-born  child  do  not  appear  to  disturb  it. 

According   to    Mr.    Symington,  the  meatus  in   the  ne^\■-born 

*  Lehrhuch  der  Anatamie  des  Ohres,  S.  437. 

+  "The  External  Auditory  Meatus  in  the  Child."  J.  ^\mmgiox\.  Journal  oj 
Anatomy  and  PJiysiolor/i/,  vol.  xix.,  page  28. 


EXTERNAL  MEATUS  IX  THE  FCETUS.  17 

child  is  relatively  longer  than  in  the  adult.  In  the  former  the 
floor  measures  20mm.,  in  the  latter  it  is  26mm.,  or  little  more 
than  one-fourth  longer.  After  birth,  the  length  of  the  meatus 
increases  very  slowlj^ ;  the  opening  up  of  the  canal  would  seem  to 
be  accompanied  by  some  slight  diminution  in  its  length.  '•  It 
is  well  known  that  the  middle  and  internal  ears  are  nearly-  as 
large  at  birth  as  in  the  adult,  and  the  same  would  appear  to  be 
the  case  with  the  external  ear,  so  far  as  the  length  of  the  meatus 
is  concerned."  The  lumen  of  the  meatus  gradually,  but  ver}' 
slowly,  increases  in  size  after  birth ;  as  compared  with  the  length, 
it  is  relatively  narrow  in  the  infant. 

A  vertical  section  of  the  external  auditory  meatus  of  a  foetus 
in  the  ninth  month  shows  that  the  tpnpanic  membrane  is  placed 
on  the  inferior  aspect  of  the  cranium,  and  in  a  plane  which  is 
almost  horizontal ;  attached  to  it  externalh^,  as  a  second  portion 
of  the  superior  wall  is  a  part  of  the  squamous  bone,  situated 
below  the  linea  temporalis.  This  area  (superficies  meatus)  is  the 
sole  representative  of  an  osseous  boundaiy  of  the  canal  in  the 
foetus  and  in  the  infant  up  to  the  end  of  the  first  year.  In 
the  new-born  infant,  the  future  osseous  portion  of  the  meatus  is 
represented  by  fibrous  tissue,  into  which  ossification  extends  to 
form  the  greater  portion  of  the  osseous  walls.  This  membrane, 
which  might  be  called  the  fibrous  or  membranous  t}Tiipanic  plate 
(Symington)  is  thin  at  birth,  but  becomes  thicker  and  firmer  in 
a  few  months.  According  to  Mr.  Symington,  the  meatus,  at 
birth,  has  an  osseous  roof  and  posterior  wall ;  the  anterior  and 
inferior  walls  are  fibrous.  The  innermost  part  of  the  osseous 
meatus  is  formed  by  the  tvmpanic  bone,  the  development  of 
which  commences  by  the  rapid  growth  of  the  anterior  and  pos- 
terior tubercles  on  the  tympanic  ring  of  the  new-born  child. 
This  ring  is  imperfect  above ;  the  gap,  l-2mm.  broad,  is  closed 
b}'  the  curved  lower  border  of  the  squamous  portion,  to  which  the 
extremities  of  the  ring  are  united  before  birth.  The  ring  itself 
gradually  increases  in  depth,  and  forms  an  osseous  tube,  the 
tympanic  bone,  which  becomes  united  behind  with  the  petro- 
mastoid  portion,  and  is  separated  in  front  from  the  squamous 
part  by  the  Glaserian  fissure.  On  the  inner  border  of  the  tym- 
panic ring  is  a  furrow,  the  sulcus  tumpaniticiis,  to  which  the 
membrana  tympani  is  attached.  In  the  process  of  ossification  of 
the  external  meatus,  an  aperture  often  remains  in  the  lower  and 
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anterior  wall  until  the  fifth  year,  and  in  some  cases  until  adult 
life.  After  birth,  the  plane  of  the  membrana  tympani  gradually 
becomes  less  and  less  horizontal.  In  the  new-born  child  it  makes 
an  angle  of  170^  with  the  superior  wall  of  the  meatus;  in  the 
adult,  the  angle  is  about  140^. 

Vessels  and  Nerves. — The  largest  arterj^  supplying  the  meatus 
is  derived  from  the  internal  maxillary.  It  passes  through  the 
anterior  Avail,  and  is  distributed  especially  to  the  upper  portion 
of  the  canal  and  also  to  the  tympanum.  Other  twigs  supplying 
the  meatus  are  derived  from  the  j^osterior  auricular  and  temporal 
arteries.  The  veins  take  the  same  course  as  the  arteries,  and  dis- 
charge their  blood  into  the  external  jugular  vein. 

The  auricular  branch  of  the  auriculo-temporal  nerve  of  the  fifth 
pair  penetrates  the  anterior  wall,  and  is  distributed  to  the  canal, 
which  is  also  supplied  by  the  auricular  branches  of  \\\q  facial  and 
vagus  nerves.  The  branch  from  the  latter  comes  from  the  jugular 
ganglion,  and  enters  the  posterior  wall  of  the  meatus.  It  sends 
one  or  more  twigs  to  the  membrana  tympani. 

Functions    of    the    External    Meatus. — The    auditory 

canal  conducts  the  sonorous  vibrations  to  the  tATupanum,  and 
also  serves  to  protect  the  membrane  from  mechanical  injury,  and 
from  sudden  changes  of  temperature.  When  the  external  orifice 
is  closed,  sounds  communicated  through  the  atmosphere  become 
much  less  distinctly  audible,  and  it  is  therefore  evident  that  the 
canal,  by  virtue  of  the  air  that  it  contains,  conducts  to  the  mem- 
brana tympani  those  vibrations  which  proceed  directly  from  the 
sounding  body,  as  well  as  those  which  are  reflected  into  it  by  the 
auricle.  But  the  canal  is  not  a  straight  tube ;  it  presents  several 
curves,  and  its  diameter  varies  in  different  parts,  and  therefore  it 
is  almost  impossible  that  any  vibration  should  impinge  upon  the 
membrana  ti/mpani  without  first  striking  the  walls  of  the  canal 
and  undergoing  reflection.  The  intensity  of  the  vibrations  is 
thus  diminished ;  but  the  cartilaginous  and  osseous  walls  of  the 
canal  aid  in  the  conduction  of  sound  by  transmitting  the  vibra- 
tions communicated  to  the  auricle  and  the  bones  of  the  head. 

When  the  meatus  is  closed,  a  remarkable  change  is  produced 
in  the  perception  of  those  sounds  and  noises  which  are  conducted 
exclusively  or  mainly  through  the  bones  of  the  head  to  the  internal 
ear.  If  one  meatus  be  stopped-up  with  the  finger,  and  a  vibrating 
tuning-fork  be  placed  between  the  teeth,  the  sound  is  heard  more 
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distinctly  on  the  stopped-np  side  than  on  the  other ;  and  if  both 
orifices  be  closed,  the  sound  is  more  distinct  than  when  they  are 
open.  Similar  differences  are  also  observed  when  sounds  are 
produced  in  tlie  larynx ;  in  both  cases  the  increased  intensity  is 
due  to  the  resonance  of  the  air  contained  in  the  meatus.  It  has 
indeed  been  supposed  that  the  difference  is  only  imaginary ;  but 
its  reality  can  be  demonstrated  by  another  experiment.  If  a 
vibrating  tuning-fork  be  held  against  the  upper  incisor  teeth  until 
the  sound  is  no  longer  heard,  and  the  meatus  be  then  closed,  the 
perception  of  the  sound  returns.  There  must  be  a  real  increase  in 
the  intensity  of  the  sound,  causing  the  latter  to  become  once  more 
audible  ;  though  the  manner  in  which  such  resonance  is  produced 
cannot  be  clearly  demonstrated.  It  is  possible  that  the  vibrations 
of  the  membrana  tympani,  transmitted  to  the  air  in  the  external 
meatus,  aid  in  increasing  the  loudness  of  the  sound.  When  the 
canal  is  open,  there  is  no  obstacle  to  the  escape  of  the  sonorous 
vibrations,  and  their  force  is  considerably  diminished ;  when  it  is 
closed,  they  will  communicate  their  vibrations  partly  to  the  walls 
of  the  canal,  and  partly  to  the  object  which  closes  it.  Thus  the 
vibrations  would  return  to  their  starting-point,  the  membrana 
ti/mpani,  and  swell  the  number  of  the  impulses  communicated 
thereto,  and  necessarily  increase  the  effect  produced  upon  the 
sound-perceiving  apparatus.  This  explanation  is  based  upon  the 
supposition  that  sonorous  vibrations,  transmitted  to  the  organ  of 
hearing  through  the  bones  of  the  head,  are  communicated  by  the 
membrana  tympani  to  the  air  in  the  external  meatus.  Politzer, 
in  the  last  edition  of  his  work,  states  that  the  increase  in  the 
sensation  of  sound  noticed  when  the  external  meatus  is  closed  is 
due  to  three  causes,  viz.:  (1)  increased  resonance  of  the  external 
meatus  ;  (2)  reflection  to  the  membrana  tipnpani  and  ossicles  of  the 
sonorous  vibrations  which  are  communicated  by  the  cranial  bones 
to  the  air  in  the  external  meatus ;  (3)  alterations  in  the  tension  of 
the  membrana  tympani  and  ossicles. 

The  manner  in  which  the  experiments,  as  above  described,  are 
utilized  in  the  diagnosis  and  prognosis  of  certain  aural  diseases  Avill 
be  discussed  in  the  chapter  on  the  Examination  of  Patients. 

Under  normal  conditions  the  surface  of  the  meatus  is  coated 
with  cerumen  or  ear-wax,  the  mixed  secretion  of  the  so-called 
ceruminous  and  sebaceous  glands.  Whether  this  secretion 
subserves  any  acoustic  purposes  is  a  doubtful   point.     The  fact 
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that  when  the  secretion  is  absohitely  wanting,  hearing  power  is 
impaired,  and  tinnitus  is  sometimes  complained  of,  has  led  to  the 
supposition  that  the  cerumen  may  prevent  confused  vibrations  of 
the  walls  of  the  meatus  and  the  production  of  that  roaring  sound 
which  air  causes  when  flowing  into  a  shell. 

Removal  of  the  ceruminous  secretion  is  aided  by  the  move- 
ments of  the  jaw.  and  is  often  effected  by  various  manual 
operations.  The  shape  of  the  cartilaginous  portion  of  the  canal, 
in  which  the  secretion  is  principally  formed,  tends  to  facilitate  its 
extrusion.  Dr.  Burnett  points  out  that  as  the  wax  increases  in 
quantity,  it  must  necessaril}'  "  slip  into  a  broader,  which  is  an 
outer,  plane  in  the  external  auditory  meatus,  and  thus  at  last  it 
may  be  found  at  the  mouth  of  the  auditory  canal."  When  in  this 
position  it  is  more  freely  exposed  to  the  action  of  the  atmosphere, 
and,  becoming  drier,  is  more  easily  detached.  It  is  possible  that 
the  outward  growth  of  the  skin  of  the  external  meatus  may  help 
to  force  out  the  ceruminous  secretion.  The  effects  of  its  undue 
accumulation  and  retention  will  be  described  in  a  subsequent 
chapter. 

Development  of  the  Ear. — The  most  important  part  of  the 
organ  of  hearing  originates  from  the  epiblast,  a  special  involution 
of  which  forms  the  essential  nervous  apparatus  and  the  epithelial 
lining  of  the  membranous  labyrinth.  The  mesoblastic  tissue  is 
the  source  whence  the  fibrous  substance  of  the  internal  ear  and  the 
bony  parts  are  developed. 

The  auditori/  sac  first  appears  as  a  shallow  depression  in  a 
thickened  portion  of  the  epiblast,  in  the  region  of  the  posterior 
brain-vesicle.  The  depression  gradually  deepens,  and  its  aperture 
towards  the  surface  rapidly  narrows,  the  process  resulting  in  the 
formation  of  a  flask-shaped  vesicle,  which  is  situated  opposite  the 
dorsal  end  of  the  hyoidean  arch.  In  a  subsequent  stage,  the 
aperture  becomes  closed  externally,  and  the  neck  or  stalk  of 
invagination  persists  as  the  aquaeductus  vestibuli. 

The  formation  of  the  lateral  and  lower  parts  of  the  face, 
including  the  auricles  and  tympano-Eustachian  passages,  is  closely 
connected  with  the  development  of  the  subcranial  pairs  of  processes 
termed  the  visceral  arches.  Between  each  of  these  arches  is  placed 
on  each  side  a  cleft,  which  runs  through  the  wall  of  the  body 
from  the  external  surface  into  the  cavity  of  the  pharynx,  thus 
rendering  the  epiblast  continuous  with  the  hypoblast.     The  first 
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of  these  clefts,  the  hi/o-mandihidar,  is  the  seat  of  the  formation  of 
the  Eustachian  passage,  and  cavity  of  the  tympanum  internally, 
while  the  meatus  auditorius  is  developed  externall}^  round  the 
dorsal  part  of  the  cleft  by  the  outgrowth  of  the  neighbouring 
23arts  of  the  two  arches ;  the  membrana  tympani  growing  up 
between  them.  The  external  auricle  is  developed  from  the 
integument  behind  the  meatus  (Quain). 

The  cartilage  of  the  first  or  mcmdibular  visceral  arch  attains 
a  considerable  size,  and  remains  visible  in  the  human  foetus  up  to 
the  sixth  or  seventh  month ;  its  proximal  portion  is  converted  into 
the  malleus.  The  second,  or  hyoid  visceral  arch,  contains  in  its 
proximal  portion  the  cartilaginous  matrix  of  the  incus,  which 
becomes  articulated  with  the  head  of  the  malleus,  formed  in  the 
adjacent  proximal  part  of  the  mandibular  arch.  The  stapes  is 
developed  from  cartilage  belonging  to  the  auditory  capsule. 
During  foetal  life,  the  tympanic  cavity  is  occupied  by  connective 
tissue  in  which  the  ossicles  are  imbedded;  after  respiration  has 
been  established,  this  tissue  recedes  before  an  expansion  of  the 
mucous  membrane  (Quain).  The  condition  of  the  tympanum  at 
birth  will  be  subsequently  referred  to. 

Two  very  different  sets  of  processes  take  place  in  the  develop- 
ment of  the  organ  of  hearing.  The  first  set  comprises  those 
belonging  to  the  formation  of  the  tympano-Eustachian  passages, 
and  the  accessory  parts  of  the  middle  and  external  ear.  The 
second  includes  those  changes  which  are  connected  with  the 
formation  of  the  nervous  structure  or  labyrinth  of  the  internal 
ear.  These  latter  changes  occur  more  immediately  in  the  primary 
epiblastic  vesicle,  and  in  the  nervous  elements  derived  from  the 
medullary  centre,  the  auditory  capsule  being  developed  from  the 
mesoblastic  wall. 

The  ttpnpano-E'Ustachian  passage  is  formed  from  a  diverticulum 
of  the  pharynx,  persisting  as  a  blind  recess  (the  Eustachian  tube), 
and  dilating  distally  into  a  chamber  (the  tjmipanic  cavity)  which 
partially  surrounds  the  utriculus. 

The  external  aiuUtorij  meatus  corresponds  to  the  lower  section 
of  the  epiblastic  portion  of  the  original  hyo-mandibular  cleft,  and 
is  formed  principally,  if  not  entirely,  by  the  outward  growth  of 
the  surrounding  tissue  in  such  a  manner  as  to  leave  a  deep  tube. 
The  auricle  is  gradually  developed  as  a  small  flap  in  connection 
with  the  integument  on  the  posterior  margin  of  the  first  visceral 
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cleft.  Congenital  malformations  of  the  external  ear.  with  occlusion 
of  the  meatus  and  greater  or  less  imperfection  of  the  tympanic 
apparatus,  are  observed  in  connection  with  abnormal  development 
of  the  deeper  parts  of  the  first  and  second  visceral  arches  and 
intermediate  cleft  (Quain). 

The  memhrana  tijmpani  and  the  tymjMnic  riiuj  are  developed 
close  to  the  external  surface,  and  at  an  early  period  the  membrane 
almost  completely  closes  the  dorsal  portion  of  the  hyo-mandibular 
cleft.  The  epithelium  covering  its  outer  surface  is  of  epiblastic 
origin  ;  internally  the  membrane  is  lined  by  pharjiigeal  hypoblast, 
while  its  fibrous  and  vascular  parts  are  of  mesoblastic  origin. 

The  Lahijriiith. — After  the  closure  of  the  primary  otic  vesicle, 
as  above  described,  various  modifications  occur  in  the  shape  of  the 
cavity,  indicating  the  formation  of  the  various  parts  of  the  laby- 
rinth. Its  swollen  portion  is  modified  so  as  to  form  the  utriculus 
and  the  semi-circular  canals,  while  a  ventral  diverticulum  is 
developed  into  the  cochlea  and  the  sacculus  hemisphericus.  llie 
narroA\'  part  becomes  tubular,  and  remains  in  the  substance  of  the 
petrous  bone  as  the  aqueduct  of  the  vestibule. 

The  two  suiierior  semi-circular  canals  grow  out  from  the  lateral 
wall  of  the  vesicle  as  two  flattened  processes ;  these  are  converted 
into  tubes  open  at  both  ends,  and  subsequently  become  elongated 
and  acquire  an  ampullary  dilatation.  The  horizontal  semi-circular 
canal  is  developed  somewhat  later  in  a  similar  manner. 

The  body  of  the  primitive  vesicle  persists  as  the  vestibule  or 
utriculus,  but  a  smaller  portion  of  the  vesicle  near  the  cochlear 
canal  is  cut  off,  and  forms  the  saccule.  A  constriction  also  takes 
place  in  the  vesicle  between  the  latter  and  the  cochlear  canal, 
and  finalh'  these  two  cavities  communicate  only  by  a  narrow 
portion,  the  canalis  reuniens.  The  separation  of  the  saccule  from 
the  utricle  also  leads  to  the  division  of  the  end  of  the  recessus 
lab^'rinthi  into  two  tubes,  one  of  which  communicates  with  each  of 
these  cavities. 

The  cochlea  consists  of  a  helicoid  spiral  tube  developed  as  a 
simple  process  from  the  inferior  end  of  the  auditory  vesicle.  The 
tube  is  coiled  upon  itself  from  left  to  right,  forming  at  last  two 
and  a  half  turns,  and  on  the  hollow  side  of  the  spiral  a  double 
ridge  of  thickened  epithelium  gradually  appears ;  at  a  later  stage 
this  ridge  is  converted  into  the  organ  of  Corti,  and  the  structures 
connected   with  the  lamina   spiralis.     The  various  stages  in  the 
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development  of  the  cochlea  in  the  higher  forms  are  permanently 
retained  in  the  adults  of  various  lower  animals. 

The  periosteum  and  the  hmiph-spaces  around  the  labyrinth 
are  formed  of  mesoblastic  tissue.  In  the  cochlea  two  longitudinal 
Ij'mph  spaces  are  formed,  the  dorsal  of  which  (scala  vestibuli) 
communicates  with  the  vestibule,  and  at  the  apex  of  the  cochlea 
is  continuous  with  the  ventral  space  (the  scala  tympani),  which 
terminates  blindh'  at  the  fenestra  rotunda.  The  cavity  (scala 
media  or  canalis  cochleae)  lying  between  the  two  scalae  is  the 
sensory  portion  of  the  cochlea,  and  is  alone  lined  by  epiblast. 
The  scalae  and  the  bony  labyrinth  are  protective  structures 
(Haddon). 

While  the  above-described  changes  are  in  progress,  a  deposit 
of  cartilage  takes  place  in  the  auditory  capsule  surrounding  the 
vesicle,  with  ossification  as  a  further  stage. 

The  auditory  nerve  is  developed  from  the  hind  brain,  and 
grows  through  the  mesoblast  towards  the  otic  vesicle.  It  pierces 
the  auditory  capsule  in  two  main  divisions,  vestibular  and 
cochlear,  the  latter  of  which  is  remarkable  as  having  some 
ganglion  cells  in  its  growing  extremity  at  a  very  early  period  of 
its  development. 
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CHAPTEE  II. 

The  Sound-Conducting  Apparatus  [continued). 

The  Middle  Ear  or  Tympanum. 

Position,  Contents,  and  Boundaries  of  Tympanum — Membrana  Tympani, 
its  Size,  Direction,  Colour,  and  Structure — External,  Middle,  and 
Internal  Layers — Shrapnell's  Membrane — Vessels  and  Nerves — Inner 
Wall  of  Tympanum — The  Posterior  Wall — The  Anterior  Wall — The 
Roof  or  Cranial  Wall — The  Floor  or  Jugular  Wall — Dimensions  of 
the  Tympanum — Functions  of  the  Membrana  Tympani — The  Ossicles 
— Their  Ligaments  and  Articulations — MoA^ements  of  the  Ossicles — 
Muscles  of  the  Tympanum,  the  Tensor  Tympani,  and  the  Stapedius — 
Lining  Membrane  of  the  Tympanum — The  Tympanum  in  the  Foetus 
— Vessels  and  Nerves  of  the  Tympanum — The  Eustachian  Tube,  its 
Osseous,  Cartilaginous,  and  Membranous  Portions — Mucous  Mem- 
brane —The  Pharyngeal  Opening — The  Eustachian  Tube  in  Children 
— Muscles,  Fascise,  and  Ligaments  connected  with  the  Tube — Vessels 
and  Nerves — Functions  of  the  Tympanum  and  Eustachian  Tube — 
The  Mastoid  Portion  of  the  Temporal  Bone:  the  Mastoid  Cells, 
Description  and  Function. 

THE   MIDDLE   EAR  OR  TYMPANUM. 

The  Middle  Ear,  Tympanum  or  Tympanic  Cavity,  is 

a  narrow  irregular  space,  filled  with  air,  in  the  substance  of  the 
temporal  bone,  and  interposed  between  the  external  meatus  and 
the  labyrinth  (Fig.  1,  page  3).  In  front  it  communicates  with 
the  pharynx  by  the  Eustachian  tube ;  behind  it  opens  into  the 
mastoid  cells,  which  are  also  filled  with  air ;  while  extended  across 
it  is  a  chain  of  small  movable  bones,  which  place  its  outer 
boundary,  the  membrana  tipnjmni,  in  communication  with  the 
sound-perceiving  apparatus.  The  bones  are  connected  by  liga- 
ments and  are  moved  by  two  minute  muscles ;  and,  in  addition  to 
these  structures,  the  tympanum  contains  vessels  and  nerves,  some 
of  the  latter  being  distributed  to  the  contents  of  the  cavity,  while 
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others  only  pass  through  it.  The  tympanum  is  compressed  from 
without  inwards,  its  smallest  measurement  being  in  that  direction. 
Its  walls  are  not  everywhere  clearly  defined,  but  it  is  possible  to 
distinguish  (1)  an  external  or  tympanic  wall  ;  (2)  an  internal  or 
labyrinthine ;  (3)  a  posterior  or  mastoid ;  (4)  an  anterior  or 
tubal ;  (5)  a  roof  or  cranial  wall ;  and  (6)  a  floor  or  jugular  wall. 
The  external  wall  is  formed  b}"  the  membrana  tympani  and  a 
small  framework  of  bone.  Above  and  in  front,  the  osseous 
margin  is  interrupted  by  a  small  notch,  across  the  mouth  of  which 
the  membrane  is  extended.  In  form  the  membrana  tympani  is 
nearly  oval,  but  it  is  wider  above  than  below  ;  its  shape  and  size 

s  k     r 


Fig.  6. 

Outer  Surface  of  the  Left  Tympaxic  Membrane  of  ax  Adult,  Enlarged.    (PoliUer.) 

V,  Segment  of  tj'mpanic  membrane  lying  in  front  of  handle  of  malleus  ;  h,  posterior  segment  of 
tympanic  membrane  ;  u,  extremity  of  handle  of  malleus  ;  /,  anterior  fold,  and  /',  posterior 
fold  ;  S,  Shrapnell's  membrane  ;  k,  short  process  of  malleus  ;  a,  long  process  of  incus. 

depend  upon  the  form  of  the  osseous  fi-amework  in  which  it  is  set. 
In  its  greatest  diameter,  from  above  obliquely  downwards,  it 
measures  nearly  one  centimetre,  or  two-fifths  of  an  inch,  while  its 
largest  transverse  measurement  is  about  eight  millimetres.  Its 
thickness  is  estimated  at  one-tenth  of  a  millimetre.  The  plane  of 
the  membrane  is  by  no  means  perpendicular  to  the  axis  of  the 
meatus,  but  forms  therewith  an  angle  of  about  75°,  so  that  the 
external  surface  of  the  membrane  looks  obliquely  downwards 
towards  the  floor  of  the  meatus,  and  also  somewhat  forwards.  To 
the  inferior  wall  of  the  canal,  the  membrane  is  inclined  at  an 
angle  of   about  45°,  while    with  the   superior  wall  the  angle  of 
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inclination  is  about  140°.  These  measurements  vary,  however,  in 
different  subjects,  on  account  of  the  variations  in  the  relative 
lengths  of  the  osseous  walls  of  the  meatus.  The  longer  the 
anterior  and  inferior  walls,  as  compared  with  the  posterior  and 
superior,  the  greater  will  be  the  obliquity  of  the  membrane. 

The  membrana  tympani  is  somewhat  concave  externally,  and 
presents  just  below  its  centre  a  decided  depression,  the  so-called 
ttmho,  corresponding  with  the  lower  end  of  the  handle  of  the 
malleus  which  is  inserted  between  its  layers.  Owing  to  the 
traction  exerted  by  this  bone,  the  membrane  is  drawn  inwards 
and  rendered  tense.     When  looked  at  from  the  external   meatus^ 


Fig.  7. 

IxTERXAL  Surface  of  the  Left  Membraxa  Tympaxi,  Enlarged.    {Politzer.) 

a.  Head  of  the  malleus ;  b,  neck  of  the  malleus ;  c,  tendon  of  the  tensor  tj-mpani  and  anterior 
fold  of  the  membrana  tj^mpani ;  d,  inferior  extremity  of  the  handle  of  the  malleus  ;  e,  ante- 
rior portion  of  the  membrana  tympani  ;  /,  posterior  fold  of  the  membrana  tympmi  and 
chorda  tympani ;  g,  incus ;  h,  short  process  of  the  incus  ;  i,  long  process  of  the  incus. 

the  membrane  presents  the  appearance  of  a  shallow  funnel,  the 
expanded  portion  of  Avhich  bulges  out  somewhat  in  front  and 
below.  The  more  transparent  the  membrane,  the  less  noticeable 
is  the  bulging,  but  in  cases  of  opacity  the  funnel-shaped  depression 
becomes  very  manifest.  The  handle  of  the  malleus  is  directed 
from  above  and  in  front,  dowuAvards  and  backwards.  So  far  as 
it  extends,  it  divides  the  surface  of  the  membrane  into  two 
portions,  anterior  and  posterior,  the  former  being  the  smaller  of 
the  two.     At  the  anterior  superior  part  of  the  membrane,  near  the 
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osseous  margin,  is  a  small  projection,  caused  by  the  short  process 
of  the  malleus,  which  is  applied  to  its  internal  surface.  Extending 
backwards  and  forwards,  from  this  projection  towards  the  circum- 
ference, are  two  folds,  and  within  these  and  starting  from  the  same 
point  are  two  short  strife  or  lines,  which,  with  a  tiny  portion  of  the 
osseous  margin,  are  the  boundaries  of  Shrapnell's  membrane,  or 
the  memhrana  Jiaccida. 

The  colour  of  the  membrana  tympani  presents  several  normal 
variations,  due  for  the  most  part  to  the  ages  of  the  individuals  in 
whom  it  is  examined.  The  colour  also  varies  according  to  the 
source  of  the  light  employed,  and  the  tint  of  the  skin  of  the 
meatus.  In  children,  the  membrane  presents  a  dull  white  tint, 
owing  to  the  thickness  of  the  epidermal  layer ;  in  adults,  the 
colour  is  pearly  gray,  to  which  a  slight  tinge  of  violet  and 
brownish  3'ellow  is  sometimes  superadded ;  in  old  age,  it  becomes 
whitish  and  more  or  less  dull.  In  the  anterior  portion  of  the 
membrane  is  a  bright  triangular  spot  extending  from  the  umbo 
downwards  and  forwards.  The  apex  of  this  triangle  is  above  and 
the  base  below,  but  the  brightness  does  not  extend  quite  so  far  as 
the  circumference  of  the  membrane.  The  peculiar  brightness  of 
this  spot  is  probabl}^  due  to  the  vertical  direction  of  this  portion 
of  the  membrane  ;  the  rays  of  light  are  reflected  directly  towards 
the  eye  of  the  observer.  The  appearance  presented  by  the 
external  surface  of  the  membrane  will  be  again  referred  to  in  the 
chapter  on  the  Examination  of  the  Ear. 

The  membrana  tympani  consists  of  three  layers — an  external,, 
middle,  and  internal.  The  external  layer  is  derived  from  the 
cuticular  lining  of  the  canal,  and  is  made  up  of  epidermic  cells 
resting  on  connective  tissue  in  which  the  tympanic  vessels  and 
nerves  ramifj^.  There  are  no  papillae  in  this  cuticular  layer,  but 
behind  the  handle  of  the  malleus  a  few  glands  have  been  detected. 
A  relatively  thick  band  of  connective  tissue  passes  from  the  upper 
^\'all  of  the  meatus  over  the  middle  layer  of  the  membrana 
tympani  as  far  as  the  umbo,  and  parallel  to  the  handle  of  the 
malleus. 

The  mitldle  layer  (lamina  propria)  of  the  membrane  is  strong 
and  fibrous,  and  is  attached  through  the  medium  of  a  still  denser, 
almost  ligamentous,  portion  to  the  bone,  which  presents  a  distinct 
rim  for  its  reception,  except  at  the  upper  part.  This  coat  consists 
of  fibrous  lamellae  running  in  different  directions  ;  many  bands  of 
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fibres  are  seen  to  converge  towards  the  centre,  while  others  take  a 
circular  course.  The  former  commence  in  the  periosteum  of  the 
meatus  and  in  the  thickened  portion  at  the  circumference  of  the 
membrane,  and  pass  towards  its  centre,  where  they  are  inserted 
into  the  liandle  of  the  malleus.  More  internally  situated  are  the 
circular  fibres,  which  are  closely  connected  with  the  internal  layer, 
and  arise  partly  from  the  ligamentous  ring  and  partly  from  the 
substance  of  the  membrane.  Some  are  inserted  into  the  handle 
of  the  malleus,  others  into  the  circumference  of  the  membrane ; 
while  another  set  blend  with  interlacing  fibres.  The  circular 
fibres  are  most  abundant  near  the  circumference ;  towards  the 
centre  they  become  thinner  and  fewer.  The  handle  of  the 
malleus  descends  between  the  radiating  and  the  circular  fibres. 
In  addition  to  the  two  layers  just  described,  two  other  sets 
have  been  discovered,  and  named  respectively  descending  and 
arhorescent  fibres.  The  former  are  external  to  the  radiating 
fibres,  and  pass  from  the  upper  segment  of  the  ligamentous 
ring  towards  the  handle  of  the  malleus.  The  arborescent  or 
dendritic  fibres  are  most  abundant  in  the  posterior  part  of 
the  membrane  ;  they  arise  near  the  periphery,  and  each 
di\'ides  into  several  branches  ^^'hich  run  irregularly  and  in 
different  directions,  passing  over  a  greater  or  less  extent  of  the 
membrane. 

The  internal  layer  of  the  membrana  tympani  is  formed  by  the 
mucous  membrane  of  the  t}Tiipanic  cavity,  and  consists  of  pave- 
ment epithelium  and  a  thin  layer  of  connective  tissue.  It  is 
extremely  delicate  near  the  centre  of  the  membrane  ;  towards  the 
periphery  its  surface  is  studded  over  with  villous  projections  or 
papilla?.  Further  reference  will  be  made  to  this  layer  in  a 
subsequent  paragraph. 

The  peripheral  portion  of  the  membrana  tympani  is  consider- 
ably thickened  and  strengthened  by  the  so-called  annidus 
tendinosus,  or  ligamentous  ring  of  connective  tissue  with  closely 
arranged  fibres  and  cartilage-cells.  This  ring  serves  to  connect 
the  membrane  with  the  surrounding  bone,  and  from  it  man}"  of 
the  fibres  of  the  middle  laver  take  their  orio-in.  It  is  deficient 
above,  and  is  far  more  conspicuous  on  the  internal  than  on  the 
external  surface  of  the  membrana  tympani. 

Above  the  short  process  of  the  malleus  there  is  a  small  segment 
of  the  membrane  which  differs  considerably  from  the  remainder  in 
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being  looser  in  texture  and  less  resistant.  It  is  bounded  below  by 
two  strict  or  lines,  and  above  by  the  margin  of  a  notch  in  the 
ring  of  bone.  This  so-called  membrana  flaccida,  or  ShrapnelFs 
membrane,  is  composed  of  the  outer  and  inner  layers  of  the 
membrana  tympani,  the  middle  layer  being  altogether  absent  or 
represented  by  only  a  few  fibres.  The  annulus  tendinosus  is  also 
wanting.  The  memhrana  flaccida  sometimes  projects  towards  the 
tympanic  cavity  and  sometimes  bulges  out  towards  the  superior 
wall  of  the  meatus.     It  is  stated  by  some  authorities  that  a  small 


Fig.  8. 

Sectiox  through  a  Poktion  of  the  Ligamentous  Ring  of  the  Tympanic  Membrane. 
AND  OF  the  Mucous  Membrane  prolonged  from  the  Cavity,    x  350. 

(Schwalbe,  after  lirunner.) 

1,  Flattened  epithelial  cells  of  the  mucous  layer  of  the  tympanic  membrane;  2,  ciliated  epi- 
thelium of  the  mucous  membrane  of  the  ligamentous  ring ;  3,  spot  at  which  one  form  of 
epithelium  passes  into  the  other  ;  4,  circular  fibres  of  the  ligamentous  ring,  divided  trans- 
versely ;  5,  radiating  fibres. 


foramen,  capable  of  admitting  a  bristle,  exists  in  this  membrane 
under  normal  conditions. 

The  membrana  t^mipani  is  supplied  with  blood  from  the  vessels 
of  the  external  meatus,  and  of  the  tympanic  cavity,  and  a 
complete  capillary  network  exists  in  the  fibrous  layer.  The  deep 
auricular  artery,  a  branch  of  the  internal  maxillary,  gives  off  small 
twigs  to  the  external  surface,  while  those  from  the  tymjoanic 
cavity  are  derived  from  a  branch  of  the  same  artery,  passing  in- 
wards through  the  Glaserian  fissure,  and  also  from  a  branch  of  the 


so 


THE  OlMiAX   OF  ]11:aKIX( 


t^tyl()-nla^;toi(l  artery.  The  veins  of  the  uuter  layer  pass  into  the 
extei'iial  jugnlar  :  tlie  remainder  discharg-e  their  blood  partly  into 
the  })lexus  snrrdunding'  the  Eustachian  tube,  and  partly  into  the 
lateral  sinus.  Lymphatic  vessels  ramify  in  all  the  three  layers  of 
the  membrana  tympani ;  on  the  internal  surface  free  openings  are 
said  to  exist  in  these  vessels. 

The  nerves  are  derived   mainly  from  two  sources ;    a  branch  of 


Fig.  9. 

A  and  7>.  The  Medial  Wall  of  the  Left  Tympaxlm. 
Twice  the  natural  size.  {Sckicallie.) 
a,h,c,d,f,T\\e  t\-mpanum  proper;  c,d,  e,  recessus  epitynipanieus  (aditus  ad  antrum);  1,  the 
osseous  tube;  2,  semi-canal  for  the  tensor  tympani ;  3,  the  processus  coehleariformis  ;  4,  the 
mastoid  antrum ;  5,  the  recessus  epitympanicus,  with  the  smooth  convexitj'  corresponding 
with  the  ampulla"  of  the  external  and  anterior  semi-circular  canals  ;  6,  prominence  caused  by 
canal  for  facial  nerve  ;  7,  aperture  in  the  facial  canal ;  8,  course  of  the  facial  canal  outside 
the  tj'mpanvnn,  shown  by  a  dotted  line  ;  9,  eminentia  stapedii,  with  the  opening  for  the 
stapedius  muscle;  10,  pelvis  ovalis  with  the  fenestra;  11,  sinus  tympani;  V2,  fossula 
rotunda;  13,  the  promontory;  14,  opening  into  the  tympanum  of  the  lower  portion  of  the 
canalicidus  tjinpanicus;  lo,  opening  into  the  t_\Tnpanum  of  the  upper  portion  of  the  same 
canal ;  between  14  and  15  the  tjnnpanic  or  Jacobson's  groove  for  the  nerve  of  the  same  name  ; 
16,  the  superior  or  petrous  opening  of  the  canaliculus  tympanicus ;  17,  the  opening  of  the 
canal  for  the  nervus  petrosus  profundus  minor;  18,  opening  of  the  carotico-tympanic  canal ; 
19,  air-cells  near  the  Eustachian  tube. 


the  auriculo-temporal  of  the  fifth  supplies  the  external  surface ;  the 
mucous  coat  contains  filaments  from  the  t3'mpanic  plexus,  which 
is  formed  by  Jacobson's  nerve  from  the  glosso-pharyngeal,  branches 
from  the  fifth  and  the  sympathetic  nerve. 

The  inner  or  lahi/rinthine  wall  of  the  tympanum  presents  two 
orifices  of  communication  with  tlie  internal  ear.  Near  the  upper 
part  is  the  fenesb'a  ovalis,  an  ovoid  opening,  about  three  millimetres 
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long,  leading  into  the  vestibule.  Against  this  opening  the  base  of 
the  stapes  is  applied  ;  while  above  it  is  a  ridge,  which  more  or  less 
overhangs  the  fenestra  and  indicates  the  position  of  the  aqueduct 
of  Fallopius.  This  canal,  which  contains  the  facial  nerve,  begins 
in  the  upper  part  of  the  internal  auditory  meatus,  passes  between 
the  cochlea  and  the  vestibule,  and  on  reaching  the  inner  ^^'all  of 
the  tympanum,  turns  backwards  over  the  fenestra  ovalis  towards 
the  pyramid  in  the  posterior  wall,  whence  it  is  directed  downwards 
to  the  stylo-mastoid  foramen.  Below  the  fenestra  ovalis  is  a 
rounded  and  prominent  elevation  named  the  promontorii  or  tuher 
cocJdece,  caused  by  the  projection  outwards  of  the  first  turn  of  the 
cochlea.  This  is  marked  by  grooves  or  tiny  canals  which  are 
occupied  by  filaments  of  the  tympanic  plexus.  Its  most 
prominent  portion  is  distant  about  two  millimetres  from  the 
umbo  of  the  membrana  t^mipani.  Below  and  behind  the 
promontory  is  the  fenestra  rotunda,  situated  in  a  slight  depression, 
and  closed  by  a  thin  membrane  which  separates  the  cavity  from 
the  scala  tjTiipani  of  the  cochlea.  The  shape  of  the  opening- 
varies  :  it  is  sometimes  circular  and  sometimes  roug'hlv  triano-ular 
or  even  oval.  In  its  longest  diameter  it  measures  about  t^^•o  and 
a-half  millimetres. 

The  posterior  icall  of  the  tympanum  presents  at  its  upper  part 
several  openings  (one  of  which  is  usually  larger  than  the  others), 
which  lead  into  the  mastoid  cells.  Situated  at  the  lower  and 
inner  part  is  a  small  conical  eminence  called  the  jjj/ramid,  pre- 
senting at  its  summit  a  minute  orifice,  through  which  the  tendon 
of  the  stapedius  muscle  passes. 

The  anterior  wall  of  the  tympanum  presents  above  the  canal 
for  the  tensor  tj-mpani  muscle,  and  below  this,  separated  by  a 
curved  plate  of  bone,  the  commencement  of  the  Eustachian  tube. 
A  small  portion  of  this  boundary'  is  formed  by  the  posterior  waW  of 
the  carotid  canal.  The  roof  or  cranial  trail  is  formed  of  a  plate  of 
bone  near  the  angle  of  union  of  the  petrous  with  the  squamous 
portion.  It  varies  much  in  thickness  in  different  subjects.  Some- 
times only  a  very  thin  layer  separates  the  tympanum  from  the 
middle  fossa  of  the  base  of  the  skull  ;  in  other  cases  there  are  two 
compact  layers  with  spongy  substance  interposed. 

T\\e  floor  or  jugular  wall  is  narrow  and  irregular,  being  in  some 
cases  convex  and  in  others  concave.  These  variations  depend  upon 
the  size  and  form  of  the  iuo-ular  fossa,  which  is  under  the  floor  of 
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the  tympanum,  and  differences  similar  to  those  in  the  roof  are 
sometimes  noticed.  Thus,  in  some  cases,  the  two  parts  are 
separatt^l  only  l)y  a  thin  lamella  of  bone  ;  in  others,  there  are  two 
layers  with  spongy  tissue  intervening. 

The  average  dimensions  of  the  tympanum  as  given  by  Troltsch 
are  as  follows  : — 

Antero-posterior,  from  the  ostium  tympanicum  of  the 

Eustachian  tube  to  the  mastoid  cells...  ...  13mm. 

Vertical  (greatest)             ...          ...          ...          ...  ...  15mm. 

Vertical  at  ostium  tympanicum  ...          ...          ...  ...  5-8mnK 

Transverse,  least  distance  between  membrana  tympani 

and  promontory             ...          ...          ...  ...  2mm. 

at  the  ostium  tympanicum  .. .          ...  ...  3-4'5mm. 

Functions  of  the  Membrana  Tympani — The  acoustic  functions 
of  this  membrane  are  easily  explained.  In  common  with  other 
tense  membranes  it  is  well  adapted  to  receive  sonorous  vibrations 
from  the  atmosphere,  and  to  communicate  them  to  solid  bodies 
with  which  it  is  connected.  The  undulations  which  pass  into 
the  meatus  are  transmitted  to  the  chain  of  ossicles,  and  are 
thus  conducted  to  another  tense  membrane,  and  thence  to  the 
perilymph  of  the  labyrinth.  There  are  two  spots  at  which  the 
membrana  tympani  is  connected  with  solid  bodies  ;  at  its  margin 
it  is  attached  to  the  osseous  walls  of  the  meatus,  which  are  con- 
tinuous with  those  of  the  labyrinth ;  and,  secondly,  a  portion  of 
its  surface  is  in  close  union  with  the  handle  of  the  malleus.  It  is 
principally  to  this  latter  that  the  membrane  communicates  its 
vibrations,  though  some  are  doubtless  transmitted  to  the  internal 
ear  by  the  bony  walls  of  the  cavity.  This  transmission  is  due  to 
the  elasticity  of  the  osseous  tissue,  which  is  to  be  regarded  as  a 
secondary  channel  of  conduction. 

The  vibrations  of  the  membrana  tympani  are  of  a  transverse 
character — that  is  to  say,  they  take  place  in  a  direction  per- 
pendicular to  its  plane.  In  consequence  of  the  manner  in  which 
the  membrane  is  attached  at  its  circumference,  the  central  part  or 
umbo  will  make  the  largest  excursions,  and  the  movements  of  the 
other  portions  of  the  surface  will  gradually  diminish  in  extent 
toward  the  periphery,  at  which,  owing  to  its  firm  attachment  to 
the  surrounding  bone,  the  vibrations  cease.  Those  movements  of 
the  membrane  which  are  produced  by  the  vibrations  of  the  bones 
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of  the  skull  must  be  longitudinal  in  character,  and  in  the  direction 
of  the  radiating  fibres ;  but  these  have  the  same  effect  upon  the 
membrane  as  the  vibrations  received  from  the  air.  The  alternate 
shortening  and  lengihening  of  the  radial  fibres  must  produce 
movements  of  the  umbo  perpendicular  to  the  plane  of  the  mem- 
brane, or,  in  other  words,  transverse  vibrations. 

The  vibrations  of  the  membrana  tympani  are  modified  by 
alterations  in  its  tension  ;  the  mechanism  b}^  which  these  changes 
are  effected  consists  of  the  tympanic  ossicles  and  their  muscles  and 
nerves. 

The  ossicles  contained  in  the  tympanum  are  three  in  number  : 
the  malleus,  the  incus,  and  the  stapes.  By  means  of  the  chain 
formed  by  these  bones,  the  vibrations  of  the  membrana  tympani 


Fig.  10. 

The  Auditory  Ossicles  (Right). 

C,?n,  head;  C,  neck;  Pir,  short  process';  Pr?,  long  process  ;  J[f,  handle  of  the  malleus ;  Ci,  body; 
G,  articular  surface;  h,  short,  and  v,  long  process  of  the  incus;  O.S,  so-called  lenticular 
ossicle ;  C.s,  head  ;  a,  anterior,  and  p,  posterior  limb ;  P,  plate  of  stapes.  {Layidois  and 
Stirling.) 

are  communicated  to  the  perilymph  of  the  labyrinth.  The  ossicles 
discharge  another  function — they  provide  points  of  attachment  for 
the  tympanic  muscles,  by  the  action  of  which  alterations  are  pro- 
duced in  the  tension  of  the  membrane  and  in  the  pressure  of  the 
perilymph. 

The  malleus  or  hammer  presents  a  large  extremity  above, 
termed  the  head,  which  articulates  behind  with  the  incus  by  means 
of  an  irregularly  oval  surface  covered  with  cartilage.  The  head  is 
bounded  by  a  constriction  or  necJc,  from  which  the  manuhrium  or 
hanclle  passes  downwards  and  slightly  inwards  between  the  inner 
and  middle  layers  of  the  membrana  tympani.  The  neck  and  the 
rounded  head  of  the  malleus,  which  are  united  to  each  other  at  an 
obtuse  angle,  extend  up^^'ards  in  the  tympanum  above  the  upper 
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border  of  the  membrana  tympani.  The  handle  is  about  5  mm. 
long,  and  is  somewhat  curved  with  tlie  concavity  in  front  ;  some- 
times its  lower  extremity  turns  sharply  forwards.  It  is  firmly 
attached  to  tlu^  middle  layer  of  the  membrana  tympani ;  its 
periosteal  covering-  and  a  fibro-cartilaginous  layer  which  surrounds 
the  bone,  affording  points  of  attachment  for  the  radiating  and  for 
some  of  the  circular  fibres. 

The  lon[i  process  (processus  (/racilis.  processus  Folianus)  passes 
from  the  neck  forwards  and  outwards  ;  in  early  life  it  extends  to 
the  Glaserian  fissure,  but  in  adults  it  is  usually  represented  by  a 
small  process  of  bone  connected  with  the  fissure  by  means  of 
ligamentous  tissue.  The  short  process  is  a  slight  conical  projection 
from  the  neck ;  it  projects  upwards  and  outwards  against  the 
membrana  tympani. 

The  incus  (anvil)  resembles  a  molar  tooth  in  shape.  It  con- 
sists of  a  body  and  two  processes :  one  short  and  horizontal,  and 
the  other  longer  and  vertical  in  direction.  On  the  anterior  and 
upper  part,  the  body  of  the  bone  presents  two  surfaces  covered 
with  cartilage,  meeting  each  other  at  a  right  angle,  and  arti- 
culating with  the  head  of  the  lualleus.  The  short  process  is 
directed  nearly  horizontally  backwards  towards  the  posterior  wall 
of  the  tympanum,  with  ^^'hich  it  is  connected  by  means  of  liga- 
mentous fibres.  The  long  process  descends  almost  vertically 
behind  the  handle  of  the  malleus  to  a  level  with  the  fenestra 
ovalis ;  it  then  bends  inwards  and  somewhat  forwards,  and 
terminates  in  a  lenticular  process  tipped  with  cartilage,  which 
articulates  with  the  head  of  the  stapes.  In  early  life  this  process 
constitutes  a  separate  bone. 

The  stapes  (stirrup)  is  articulated  with  the  long  process  of  the 
incus  at  an  angle  which  looks  upwards,  outwards,  and  forwards. 
The  bone  closely  resembles  a  stirrup,  and  consists  of  a  head,  neck, 
two  crura,  and  a  base.  The  head  is  directed  outwards,  and  some- 
times slightly  forwards ;  the  surface  for  articulation  with  the  incus 
is  depressed  and  covered  with  cartilage.  Below  the  head  is  a 
slightly  constricted  part,  the  necli.  more  or  less  distinct  in 
different  specimens  ;  from  it  the  crura  diverge.  The  posterior 
crus  is  longer  and  more  decidedly  curved  than  the  anterior. 
Each  crus  is  attached  to  the  hase,  a  plate  of  bone  which  is  applied 
against  the  fenestra  ovalis.  The  triangular  space  enclosed  by  the 
crura  and  base  is  sometimes  occupied  by  a  thin  membrane.     The 
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base  is  somewhat  oval  in  shape.  Its  lower  border  is  straight,  or 
slightly  concave  ;  the  upper  margin  is  curved.  The  surface  which 
looks  towards  the  vestibule  is  covered  with  hvaline  cartilage,  and 
is  somewhat  convex  ;  the  outer  surface  is  concave.  In  the  natural 
state  the  crura  of  the  stapes  are  close  to  the  walls  of  the  depression 
at  the  bottom  of  which  the  fenestra  ovalis  is  situated. 

The  ossicles  are  articulated  with  each  other,  and  are  likewise 
attached  at  certain  spots  to  the  walls  of  the  tympanum.  The 
articular  surfaces  of  the  malleus  and  incus  are  covered  with  a 
thin  layer  of  hyaline  cartilage,  and  kept  together  by  means  of  a 
capsular  ligament.  A  fibro-cartilaginous  plate,  in  the  form  of  a 
meniscus,  exists  in  the  joint.  The  anterior  ligament  of  the 
malleus  is  a  band  of  fibrous  tissue,  which  connects  the  remains 
of  the  long  process  with  the  Glaserian  fissure.  This  ligament 
allows  the  process  to  rotate  slightly  inwards  on  its  long  axis  ;  and 
when  this  rotation  takes  place,  the  head  of  the  malleus  is  moved 
inwards  and  the  handle  outwards.  The  membrana  tympani 
follows  the  movements  of  the  handle,  its  tension  being  increased 
when  the  latter  is  drawn  inwards,  and  diminished  when  the 
movement  is  in  the  opposite  direction.  The  movements  of  the 
malleus  are  also  regulated  by  another  band  of  fibres,  the  posterior 
ligament,  which  passes  from  a  crest  on  the  neck  of  the  bone 
forwards  to  the  wall  of  the  tympanum.  These  two  ligaments 
form  the  common  axis-band*  of  the  malleus.  There  is  also 
another  band  of  fibres  passing  downwards  and  outwards  from 
the  roof  of  the  tpupanum  to  the  head  of  the  malleus.  This 
band  varies  in  length,  and  is  altogether  absent  when  the  bony 
surfaces  are  in  contact. 

The  articular  surface  of  the  malleus  is  elongated  and  oval 
in  form,  and  shaped  somewhat  like  a  saddle ;  it  is  closely  adapted 
to  the  articular  surface  of  the  incus.  When  the  handle  of  the 
malleus  is  drawn  inwards  towards  the  tympanic  cavity,  the 
head  of  the  bone  moves  in  the  opposite  direction,  and  the  lower 
projecting  margin  which  bounds  the  articulating  surface  of  the 
incus  acts  like  the  tooth  of  a  cog-wheel  in  limiting  the  movement. 
The  long  process  of  the  incus,  which  is  parallel  to  the  handle  of 
the  malleus,  follows  the  inward  movement  of  the  latter  ;  but  when 
the   handle   moves    outwards,   as   occurs   when   the   tympanum  is 

*  Helmholtz,  PJlUger's  Archie,  1868,  Bd.  I.   p.   1,  and  T/ie  Mechanism  of  the 
Osdcles,  New  Syd.  Soc.  Trans.,  p.  119. 
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distt'iided,  the  long  process  of  the  incus  does  not  move  with  it. 
inasniuch  as  the  articulating  surfaces  are  separated  from  each 
otlier.  In  other  words,  when  the  membrana  tympani  is  pressed 
inwards,  the  malleus  and  incus  move  together,  as  though  they 
were  one  bone  ;  but  the  incus  is  unaffected  when  the  malleus 
and  the  membrane  move  in  the  opposite  direction,  and  hence  it 
happens  that  the  stapes  is  not  liable  to  be  detached  either  from 
the  incus  or  from  the  fenestra  ovalis. 

The  manner  in  which  the  two  bones  are  connected  determines 
the  axis  of  their  rotation.  The  articulating  surface  of  the  incus  is 
fitted  to  the  head  of  the  malleus.  The  short  process  of  the  former 
bone  is  almost  on  the  same  level  as  the  long  process  of  the  latter, 
and  passes  above  the  membrana  tjmipani  to  be  attached  to  the 
wall  of  the  cavity.  The  long  process  of  the  incus  is  parallel  to 
the  handle  of  the  malleus,  but  internal  and  posterior  to  it,  and  its 


Fig.  11. 

(From  Wagner's  Lehrbuch  der  Plii/siologie.) 

lower  extremity  forms  almost  a  right  angle  with  the  stapes.  It  is 
obvious  that  the  movements  of  these  bones  must  be  somewhat 
complicated.  When  the  malleus  and  incus  move  together,  their 
common  axis  is  not  the  ligament  of  the  malleus,  but  a  line  drawn 
through  the  long  process  of  the  malleus,  ^^'hich  is  directed  forwards, 
and  the  short  process  of  the  incus,  directed  backwards.  It  cuts 
the  malleus  just  below  the  neck,  and  passes  obliquely  through  the 
body  of  the  incus.  The  rotation  on  this  axis  occurs  in  a  plane 
which  is  vertical  to  that  of  the  membrana  tympani,  and  during 
rotation  the  handle  of  the  malleus  and  the  long  process  of  the 
incus  move  together  in  one  direction,  either  inwards  or  outwards, 
while  the  head  of  the  malleus  and  the  upper  part  of  the  body  of 
the  incus  move  in  the  opposite  direction.  The  membrana  tympani 
follows  the  movements  of  the  handle  of  the  malleus,  the  external 
depression   becoming   more   marked   when    the   latter   is   drawn 
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inwards,  and  diminishing  with  the  opposite  movement.  The 
movement  of  the  stapes  must  follow  that  of  the  long  process  ot 
the  incus  ;  when  the  latter  moves  inwards,  the  base  of  the  stapes 
presses  against  the  fenestra  ovalis,  and  is  slightly  withdrawn 
therefrom  when  the  process  moves  in  the  opposite  direction. 
Figure  11  illustrates  these  movements.  It  represents  a  vertical 
section  of  the  membrana  tympani  with  the  ossicles  seen  from  the 
front — (a^  shows  the  position  of  the  axis ;  the  arrows  indicate 
the  direction  of  the  movements  of  the  various  parts  of  the  lever. 
The  force  is  applied  to  the  apex  of  the  handle  of  the  malleus  ; 
the  short  process  of  the  incus  attached  to  the  wall  of  the  tympa- 
num constitutes  the  fulcrum  ;  the  apex  of  the  incus  is  the  point 
which  acts  upon  the  weight.  Helmholtz  has  found  that  the 
entire  length  of  this  lever  is  about  9Jmm.  ;  the  arm  between  the 
two  extremities  of  the  incus  measures  6^mm.,  or  about  two- 
thirds  of  the  whole.  (Fig.  12,  page  38.)  Hence  it  follows  that  if 
the  malleus  and  incus  are  firmly  locked  together  by  the  cog-wheel 
arrangement,  the  excursion  of  the  tip  of  the  latter  must  be 
smaller  than  that  of  the  corresponding  part  of  the  malleus  ; 
but  the  force  of  the  pressure  which  it  transmits  to  the  stapes 
will  be  larger  by  one-half  than  the  force  which  acts  on  the  tip 
of  the  handle  of  the  malleus. 

The  space  through  which  the  bony  chain  can  move  is 
extremely  minute.  According  to  Politzer,  the  greatest  excur- 
sions take  place  at  the  tip  of  the  malleus,  and  measure  seven- 
tenths  of  a  millimetre.  Movement  inwards  is  restrained  by  the 
tension  of  the  membrana  tympani,  and  rotation  backwards  by 
the  anterior  ligament  of  the  malleus.  But  movement  is  still 
more  powerfully  checked  by  the  pressure  of  the  stapes  against 
the  margin  of  the  fenestra  ovalis,  and  by  the  elasticity  of  the 
membrane  of  the  fenestra  rotunda.  If  this  latter  membrane  were 
non-existent,  and  its  place  were  occupied  by  an  osseous  plate 
continuous  with  the  wall  of  the  tympanum,  movement  inwards 
of  the  base  of  the  stapes  would  be  impossible.  When,  however, 
the  stapes  is  forced  against  the  fenestra  ovalis,  the  pressure  com- 
municated to  the  fluid  of  the  labyrinth  acts  upon  the  membrane  of 
the  fenestra  rotunda,  causing  it  to  yield  as  far  as  its  elasticity  will 
permit.  Inward  pressure  of  the  base  of  the  stapes  is  likewise 
resisted  by  the  membrane  covering  the  fenestra  ovalis. 

From  the  account  thus  given  of  the  ossicles  and  their  con- 
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iiections  and  movements,  the  mode  in  which  the  vibrations  of 
tlie  membrana  tympani  are  conveyed  to  the  labyrinth  will  be 
easily  understood.  The  transverse  vibrations  of  the  membrane 
cause  the  malleus  and  incus  to  oscillate  around  their  common 
axis  ;  the  movements  of  the  long  process  of  the  latter  bone  cause 
corresponding  movements  of  the  stapes  against  the  fenestra  ovalis. 
These  vibrations  set  up  wave-movements  in  the  fluid  of  the 
labj'rinth,  the  membrane  of  the  fenestra  rotunda  yielding  to  the 
l)ressure  thus  applied. 

Muscles  of  the  Tympanum. — The  tympanum  contains  two  small 


Fig.  12. 

The  Malleus  axd  Ixcus.     {Helmholtz.) 

The  line  aba  touches  from  above  downwards  the  apex  of  the  short  process  of  the  incus,  of  the 
long  process,  and  of  the  handle  of  the  malleus ;  h,  the  head  of  the  malleus ;  i,  the  bodj'  of 
the  incus;  sp,  prominent  bonier,  boumlintj  head  of  malleus;  pr.F,  remains  of  long  process 
of  malleus ;  T.t,  attachment  of  tensor  tympani  muscle. 

muscles,  attached  to  the  malleus  and  stapes  respectively,  and 
named  the  tensor  ti/mjmni  and  the  stapedius.  The  foiiner  consists 
of  a  tapering,  fleshy  portion,  and  a  slender  tendon.  The  fibres 
arise  from  the  margin  of  the  anterior  opening  of  the  carotid  canal, 
from  the  cartilaginous  end  of  the  Eustachian  tube  and  the  ad- 
joining portion  of  the  sphenoid  bone,  and  from  the  inner  concave 
wall  of  the  boin^  canal.  They  are  often  closely  connected  by 
means  of  tendinous  or  muscular  slips  with  the  origin  of  the  tensor 
palati  muscle.     The  fibres  pass  into  the  canal  which  is  situated 
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above  the  osseous  part  of  the  Eustachian  tube,  and  terminate  in  a 
rounded  tendon,  which  bends  over  the  processus  cochleariforniis 
nearly  at  a  right  angle,  and  then  turns  outwards  to  its  insertion 
into  the  upper  part  of  the  handle  of  the  malleus.  The  tendon 
forms  a  somewhat  acute  angle  with  the  lower  extremity  of  this 
portion  of  the  bone,  and  with  the  anterior  portion  of  its  axis  of 
rotation. 

The  stapedius  muscle  arises  within  the  eminentia  pyramidalis, 
and  in  the  aquteductus  Fallopii,  where  it  lies  in  front  of  the  facial 
nerve.  At  the  apex  of  the  pyramid,  the  fibres  unite  to  form  a  thin 
tendon,  which  passes  through  an  aperture  in  the  bone,  and  runs 
forwards  in  the  cavity  of  the  tympanum  to  its  insertion  on  the 
posterior  border  of  the  neck  of  the  stapes. 

When  the  tensor  tympani  contracts,  the  handle  of  the  malleus 
and  the  membrana  tjmipani  are  drawn  inwards ;  the  head  of  the 
malleus  moves  outwards,  and  is  closely  applied  to  the  incus  by 
means  of  the  cog-wheel  arrangement.  The  base  of  the  stapes  is 
pressed  against  the  fenestra  ovalis,  and  the  normal  tension  of  the 
membrana  tympani  is  increased.  When  the  muscle  relaxes,  the 
elastic  force  of  the  rotated  axial  ligament  and  of  the  membrana 
tympani  restores  the  condition  of  ec{uilibrium.  The  motor  nerve 
for  this  muscle  is  derived  from  the  otic  ganglion,  and  is  supplied 
by  the  third  division  of  the  fifth.  Irritation  of  the  peripheral 
portion  of  the  latter  nerve  within  the  cranium  has  been  observed 
to  cause  contraction  of  the  tensor  tympani  muscle. 

It  would  appear  that  the  contraction  of  the  tensor  tympani 
during  hearing  is  not  continuous,  but  transient.  When  sound- 
waves first  impinge  on  the  membrana  tympani  and  cause  it  to 
vibrate,  a  sudden  contraction  of  the  tensor  occurs,  but  immediately 
passes  off*.  Deep  tones  of  less  than  200  vibrations  cause  little  if 
an}'  contraction.  As  to  the  manner  in  which  the  necessary 
stimulus  is  communicated  to  the  nerve  supplying  the  muscle,  it  is 
probable  that  the  auditory  nerve  is  the  channel  through  which 
reflex  action  is  excited.  The  muscle,  as  a  general  rule,  is  not 
directl}^  under  the  influence  of  the  will,  though  in  some  cases  the 
voluntary  action  of  the  muscles  of  mastication  provokes  an  asso- 
ciated movement  of  the  tensor  tympani.  Fick*  stated  that  in  his 
own  case  forcible  contraction  of  those  muscles  caused  a  singing- 
tone  in  the  ear,  and  that  a  drop  of  mercury  in  a  capillary  tube, 
*  ArcJdvf.  Anat.  it.  Physiol,  1850,  p.  526. 
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fixed  air-tight  into  the  external  meatus,  was  rapidly  drawn 
inwards  towards  the  membrana  t ympani.  Helmholtz  and  Politzer 
found  that  ya^^'ning  was  attended  with  increased  tension  of  the 
membrana  tympani,  and  enfeeblement  of  hearing  for  certain  tones. 

The  tension  of  the  membrana  tympani  modifies  the  perception 
of  sounds  in  a  very  important  manner.  Increased  tension  lessens 
the  receptive  capacity  for  sonorous  vibrations,  and  conduction  to 
the  nerve  is  thus  weakened.  A  high  degree  of  tension  increases  the 
resonance  of  the  membrane  for  high  tones ;  a  low  degree  has  the 
same  effect  with  regard  to  deep  tones.  The  function  of  the  tensor 
tympani  is  therefore  to  diminish  excessive  vibrations,  and  to 
regulate  the  resonance  of  tones  of  varying  heights.  Miiller's 
experiments  have  proved  that  a  tense  membrane  on  being  struck 
communicates  feebler  vibrations  to  the  air  than  one  in  a  more 
relaxed  condition,  and  it  may  be  assumed  that  increased  tension 
of  the  membrana  tympani  and  its  bulging  inwards  diminish  the 
lever-like  movement  of  the  ossicles  and  the  intensity  of  the 
undulations  in  the  fluid  of  the  labyrinth,  and  consequently  the 
hearing-power.  The  latter  result  can  easily  be  shown  to  occur  bj' 
closing  the  mouth  and  nose  and  inspiring  forcibly,  in  which  case 
the  air  in  the  tympanum  is  diminished  and  the  membrane  bulges 
inwards ;  or  by  making  a  forced  expiration  when  air  is  driven 
into  the  tympanum  through  the  Eustachian  tube  and  the  mem- 
brane is  bulged  outwards.  In  both  cases  hearing-power  is 
diminished.  Politzer  has,  moreover,  shoA\'n  by  direct  experiments 
on  the  tj'mpanum  of  a  dog  recently  killed,  that  the  contraction  of 
the  tensor  tympani  influences  the  conversion  of  the  sonorous 
vibrations  into  those  of  the  membrana  tympani,  and  those  move- 
ments of  the  incus  and  stapes  upon  which  the  intensit}*  of  the 
effect  depends.  These  results  are  due  firstl}^  to  the  tension 
produced  in  the  membrane,  and  secondl}^  to  the  manner  in  which 
the  base  of  the  stapes  is  pressed  against  the  fenestra  ovalis. 

The  second  function  of  the  muscle  is  the  alteration  of  the 
resonance  of  the  membrana  tympani.  Wollaston  discovered  that 
impairment  of  hearing  power,  due  to  increased  tension  of  the 
membrana  tympani,  was  not  uniform  for  all  notes,  but  that  low 
notes  were  less  distinctly  perceived,  whereas  high  tones  were 
either  unchanged  or  intensified,  as  compared  with  their  perception 
with  a  medium  degree  of  tension  of  the  membrane.  It  is  well 
known  that  tense  membranes   are  easily  caused  to  vibrate,  and 
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produce  notes  by  sounds  caused  in  their  vicinity,  corresponding 
with  their  own  fundamental  tones,  or  whose  number  of  vibrations 
is  some  muhiple  of  their  own.  Owing  to  tlie  smalhiess  and 
tension  of  the  membrana  tympani,  its  fundamental  note  is  ex- 
tremely high,  so  that  it  cannot  vibrate  in  sympathy  with  the 
majority  of  the  tones  which  act  upon  it.  A^ibrations  are,  however, 
produced  by  all  tones  from  the  highest  to  the  lowest,  and  in  both 
cases  the  amplitude  of  the  vibrations  is  proportional  to  the 
intensity  of  the  sound.  Moreover,  for  clearness  of  sound-per- 
ception it  is  necessary  that  the  membrane  should  cease  to  vibrate 
immediately  the  sonorous  undulations  have  ceased  to  act  upon  it. 
Such  after-vibrations  are  prevented  by  the  attachment  of  the 
membrane  to  the  chain  of  bones,  which  offer  considerable  resistance 
to  its  movements.  The  membrana  tympani  by  itself  would,  like 
every  other  membrane,  vibrate  actively  in  sympathy  with  its  own 
fundamental  note  or  with  the  octave,  but  for  all  others,  and 
especially  for  lower  notes,  it  would  exhibit  less  decided  vibrations. 
Its  capacity  of  responding  to  all  notes  and  of  diminishing  their 
intensity  in  an  almost  equal  degree  in  all  cases,  is  due  to  its 
connection  with  the  malleus.  This  diminution  of  the  extent  of 
the  vibrations  is  no  disadvantage ;  on  the  contrary,  it  appears 
to  be  a  necessary  condition  for  the  perception  of  sounds.  The 
sound-perceiving  apparatus  is  so  sensitive  that  only  the  feeblest 
waves  are  necessary  to  excite  the  auditory  nerve,  and  if  there  were 
no  check  upon  the  vibrations  of  the  membrane,  the  terminations 
of  the  nerve  would  be  liable  to  suffer.  The  attachment  of  the 
malleus  subserves  another  purpose — it  prevents  after-vibrations 
and  the  continuance  of  the  sensation  after  the  exciting  cause  has 
ceased  to  operate.  The  malleus  acts,  therefore,  upon  the  membrane 
as  a  damper,  and  checks  the  movements  after  the  last  undulation 
has  acted  upon  it.  The  resistance  offered  by  the  bone  is  increased 
by  the  weight  of  its  head,  by  the  elastic  force  of  the  ligament 
connecting  the  long  process  to  the  wall  of  the  tympanic  cavity, 
and  by  the  comparatively  unyielding  character  of  the  stapedio- 
vestibular  articulation. 

Various  functions  have  been  assigned  to  the  stapedius  muscle. 
It  has  been  regarded  by  some  as  co-operating  with  the  tensor 
tympani,  and  by  others  as  its  opponent.  It  has  also  been  credited 
with  the  power  of  preventing  excessive  movements  of  the  stapes  in 
the  fenestra  ovalis.     It  cannot  assist  the  tensor,  for  it  contracts  at 
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a  I'iolit  angle  to  the  plane  of  rotation  of  the  incus  and  malleus. 
When  the  muscle  shortens,  it  must  tend  to  draw  the  head  of  the 
stapes  backwards,  but  inasmuch  as  the  base  cannot  be  moved  in 
that  direction,  its  anterior  portion  is  displaced  somewhat  outwards, 
while  the  posterior  part  is  pressed  somewhat  in^^'ards,  towards  the 
fenestra  ovalis.  In  some  experiments  on  dogs,  immediately  after 
death.  Politzer*  found  that  when  the  stapedius  muscle  was  caused 
to  contract  b}'  irritating  the  facial  nerve,  pressure  in  the  labyrinth 
was  reduced,  probabl}'  as  a  result  of  diminished  tension  of  the 
membrana  tympani.  This  experiment  would  prove  that  this 
muscle  is  the  antagonist  of  the  tensor,  for  contraction  of  the  latter 
increases  the  labyrinthine  pressure  by  increasing  the  tension  of 
the  membrana  tympani.  In  some  persons,  when  the  eyelids  are 
forcibly  closed,  the  stapedius  executes  an  associated  movement. 
Mr.  Toynbee  regarded  the  stapedius  as  aiding  the  perception  of 
faint  sounds ;  when  the  muscle  acts,  the  base  of  the  stapes  is 
^^■ithdrawn  from  the  fenestra  ovalis,  and  oscillates  more  freely 
in  response  to  slight  impressions.  According  to  another  view, 
the  action  of  the  muscle  renders  the  stapes  more  firmly  fixed,  "  as 
the  fibrous  mass  (annular  ligament),  \^^hich  surrounds  the  fenestra 
ovalis  and  keeps  the  stapes  in  its  place,  becomes  more  tense.  The 
activity  of  the  muscle,  therefore,  prevents  too  intense  shocks, 
which  may  be  communicated  from  the  incus  to  the  stapes,  from 
being  conveyed  to  the  perilymph  "'  (Landois).  If  this  latter  theor}^ 
be  correct,  the  small  muscles  of  the  tympanum  may  be  considered 
as  regulating  the  communication  of  sonorous  undulations  to  the 
fluid  of  the  labj^rinth,  preventing  it  from  being  too  much  affected 
by  loud  sounds,  in  a  manner  analogous  to  that  in  ^^'hich  the  iris 
regulates  the  admission  of  light  to  the  eye.  The  increased  sensi- 
bility to  sounds  noticed  in  some  cases  of  facial  paralysis  is 
attributed  to  loss  of  power  of  the  stapedius  muscle.  Under  such 
circumstances,  the  stapes  is  supposed  to  be  less  firmly  attached  to 
the  fenestra  ovalis,  so  that  all  impulses  from  the  tympanum  act 
more  vigorously  upon  it,  and  excite  more  considerable  vibrations 
in  the  perilymph. 

Lining  Membrane  of  the  Tympanum. — The  walls   of  the  tym- 
panum and   the   structures   it   contains    are   covered   by   a   thin 
mucous  membrane,  continuous  with  that  of  the  pharynx  through 
the  Eustachian  tube,  and  prolonged  backwards  into  the  mastoid 
*  Beitrdge  z.  Anat.  n.  Physiol.     Leipzig,  1874,  Heft  1,  p.  xxv. 
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cells.  Several  folds  of  the  membrane  traverse  the  cavity  in 
various  directions  ;  one  of  these,  termed  the  posterior  fold,  is  a 
continuation  of  the  posterior  border  of  the  external  ligament  of 
the  malleus,  and  is  in  close  relation  with  the  chorda  tympani. 
This  nerve,  on  entering  the  tympanum,  passes  along  the  free 
border  of  the  fold  for  about  half  its  length ;  it  then  runs  along* 
its  posterior  surface  to  the  side  of  the  neck  of  the  malleus,  and  is 
directed  between  the  tendon  of  the  tensor  tympani  and  a  pro- 
longation of  the  anterior  ligament  of  the  malleus  to  the  Glaserian 
fissure.  AVhere  the  nerve  leaves  the  free  border  of  the  fold,  it  has 
the  long  process  of  the  incus  on  its  inner  side,  and  is  attached  to 
it  by  mucous  membrane.  Schwalbe  states  that  the  posterior  part  of 
the  nerve  is  not  free,  but  is  usually  invested  by  a  special  fold  of 
mucous  membrane.  The  anterior  fold  covers  the  anterior  ligament 
of  the  malleus,  and  is  firmer  and  shorter  than  the  posterior  fold. 
Other  folds  invest  the  tendon  of  the  tensor  tj'mpani  muscle,  both 
processes  of  the  incus,  and  the  tendon  of  the  stapedius.  These 
folds,  together  with  the  tympanic  membrane  and  the  ossicles, 
form  the  boundaries  of  small  poiiclies,  the  most  important  of  which 
is  situated  between  the  posterior  fold  and  the  membrane.  This 
communicates  with  another  pouch  termed  Prussak's  space,  which 
is  situated  between  the  external  ligament  of  the  malleus  and  the 
short  process  of  that  bone.  It  is  bounded  externally  by  Shrapnelfs 
membrane,  and  internally  b}"  the  neck  of  the  malleus.  The  im- 
portance of  this  pouch  or  space  is  due  to  the  fact  that  isolated 
accumulations  of  secretions  and  of  purulent  matter  are  sometimes 
found  in  it. 

The  mucous  membrane  is  closely  connected  with  the  perios- 
teum, and  appears  as  a  thin  transparent  pellicle  with  a  smooth, 
glistening  surface.  The  periosteal  layer  is  traversed  by  vessels 
and  nerves,  and  is  thickened  for  the  reception  of  these  structures. 
The  character  of  the  epithelium  varies  in  different  parts  of  the 
membrane.  According  to  Kolliker,  the  surface  of  the  ossicles,  of 
the  membrana  tympani,  and  of  the  promontory  is  covered  with 
tesselated  epithelium ;  but  the  remaining  portions  by  ciliated 
cylindrical  cells.  At  the  margin  of  the  membrana  tympani  the 
latter  cells  are  seen  to  become  smaller,  and  gradually  to  lose 
their  cilia.  (See  Fig.  8,  page  29.)  The  connective  tissue,  which 
forms  the  basis  of  the  membrane,  shows  a  reticular  structure  in 
various  parts,  with  meshes  containing  leucocytes.     The  periosteal 
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layer  is  made  up  of  compact  strands  of"  connective  tissue,  running 
])arallel  to  the  osseous  surface.  Some  of  tlie  fibrous  bundles  are 
raised  above  tlie  general  surface,  and  contain  peculiar  structures, 
formerly  regarded  as  pathological  products,  but  which  Politzer  has 
shown  to  be  normal  formations.  These  are  generally  oval,  but 
sometimes  pj-riform  bodies,  liaving  a  fibrous  structure,  the  fibres 
being  arranged  in  laj^ers  parallel  with  the  exterior  outline.  Each 
of  these  bodies  is  traversed  from  end  to  end  by  a  fibrous  stalk 
or  band,  attached  at  one  extremity  to  the  membranous  surface 
below,  and  at  the  other  to  the  osseous  wall.  These  structures 
are  purely  connective-tissue  formations,  though  they  somewhat 
resemble  the  Pacinian  bodies. 


Fig.  13. 

Section  through  the  Mucous  Membrane  of  the  Inner  Wall  of  the  Tvmpanum  of  an 
Adult,     x  350.     (Scku-albe,  after  lirunner.) 

1,  ciliated  epithelium  ;  2,  basal  cells  ;  3,  connective  tissue  of  the  mucous  membrane. 

Anatomists  differ  in  opinion  as  to  whether  any  glandular 
structures  are  contained  in  the  mucous  membrane  of  the  tym- 
panum. It  was  formerly  held  that  these  structures  were  absent, 
but  Troltsch  has  described  racemose  glands  near  the  anterior 
pouch  of  the  membrane,  close  to  the  entrance  of  the  Eustachian 
tube.  Other  observers  have  noticed  tubular  glands  lined  with 
cylindrical  epithelium  and  dilated  at  their  extremities.  Luschka 
and  Sappey,  on  the  other  hand,  state  that  no  glands  exist  in  the 
normal  tympanum,  and  it  may  be  regarded  as  certain  that  even 
if  the  contrary  opinion  be  correct,  the  glands  must  be  few  in 
number  and  unimportant  in  character.  The  walls  of  the  tympanum 
are  moistened  by  a  minute  quantity  of  fluid,  which  may  collect  so 
as  to  become  visible  on  the  floor  and  in  the  pouches  of  the  cavity. 
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The  tympanum  in  the  foetus  and  in  the  ne^^'-born  child 
presents  certain  peculiarities  which  require  to  be  noticed.  The 
cavity  can  scarcely  be  said  to  exist  in  the  foetus  at  the  fourth  or 
fifth  month,  for  it  is  completely  occupied  by  a  reddish  gelatinous 
material,  which  is  in  reality  the  thickened  mucous  membrane. 
According  to  Troltsch,  the  enlargement  of  the  membrane  is 
observable  in  those  portions  which  cover  the  labyrinthine  wall, 
the  floor  and  the  ossicles,  whereas  the  mucous  layer  of  the  mem- 
brana  tympani  is  unaffected.  This  foetal  condition  of  the  mucous 
membrane  graduall}'  becomes  modified  ;  the  soft  succulent 
structure  loses  its  watery  intercellular  material,  and  is  con- 
verted into  fibrillary  connective  tissue.  Opinions  differ  as  to 
the  time  at  which  this  change  takes  place,  and  as  to  its  causes. 
Some  authorities  (as  mentioned  by  Schwalbe)  state  that  the 
change  occurs  and  is  completed  during  the  eighth  month,  so  that 
the  tympanum  is  fully  developed  in  the  mature  foetus ;  others 
assert  that  the  thickening  of  the  mucous  membrane  remains  till 
birth,  and  that  its  disappearance  is  the  result  of  respiration.  If 
this  latter  opinion  be  correct,  the  formation  of  a  tympanic  cavit}' 
is  to  be  regarded  as  a  proof  of  full  and  perfect  respiration. 
Schwalbe,  however,  thinks  that  the  reduction  in  the  thickness 
of  the  membrane  is  the  result  of  developmental  processes,  and 
is  not  dependent  upon  the  access  of  air  to  the  tympanum. 

Vessels  and  Nerves  of  the  Tympanum. — The  arteries  distributed 
to  the  tympanum  are  derived  from  the  external  and  internal 
carotid.  The  ascending  pharyngeal  branch  of  the  former  gives 
off  small  twigs  to  the  Eustachian  tube  and  its  muscles,  and  to 
the  mucous  membrane  of  the  anterior  and  middle  portions  of  the 
cavity.  The  stylo-mastoid  artery,  a  branch  of  the  posterior 
auricular,  in  its  course  through  the  aqueduct  of  Fallopius,  gives 
off  branches  which  pass  through  foramina  in  the  posterior  wall 
of  the  tympanum,  and  supply  the  mucous  membrane,  and  that 
of  the  mastoid  cells,  and  also  the  stapedius  muscle.  Branches  of 
the  middle  meningeal  artery,  before  it  enters  the  cranium,  are 
furnished  to  the  Eustachian  tube,  and  when  the  arterj'  reaches 
that  cavity  it  gives  off  a  small  twig,  which  enters  the  hiatus 
Fallopii  and  anastomoses  with  branches  of  the  stylo-mastoid 
artery.  A  few  twigs  from  the  meningeal  artery  also  pass  through 
the  roof  of  the  tjmipanum.  The  temporal  artery  sends  small 
branches  through  the  Glaserian  fissure  ;   and  lastl}',  the  internal 
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carotid  sends  a  few  small  twio-s  tjiroiio-h  minnte  orifices  in  the 
wall  of  the  carotid  canal.  The  venous  hlood  passes  into  the 
middle  meningeal  vein,  the  deep  auricular,  and  the  veins  of  the 
pterygoid  plexus.  According  to  Prussak,*  the  capillaries  of  tln' 
tympanic  mucous  membrane  are  peculiar  in  several  respects. 
The  small  arteries  do  not  anastomose  with  each  other,  and  the 
calibre  of  their  branches,  which  are  given  off  at  acute  angles,  is 
very  large  in  proportion  to  that  of  the  trunk.  As  a  result  of  this 
arrangement,  the  blood-pressure  must  be  considerably  diminished 
while  the  velocity  of  the  current  is  increased,  and  both  these 
alterations  are  unfavourable  for  the  escape  of  exudation  into  the 
cavity.  Some  of  the  arteries  appear  to  pass  into  veins  without 
any  intervening  capillaries. 

The  lymphatics  of  the  tympanum  are  most  abundant  in  the 
deeper  layers  of  the  periosteum,  and  the  vessels  present  manv 
rounded  dilatations.  On  the  roof  of  the  tympanum,  the  lymph- 
atics communicate  with  infundibular  or  spherical  spaces,  traversed 
by  a  fine  network  and  often  filled  with  leucocytes,  and  thus 
resembling  minute  lymph-follicles. 

The  nerves  distributed  to  the  tympanum  are  derived  from  the 
fifth,  seventh,  and  eighth  cranial  nerves,  and  from  the  s^Tupathetic. 
The  otic  ganglion  furnishes  branches  to  the  Eustachian  tube  and 
to  the  tensor  tympani  muscle,  while  the  mucous  membrane  of  the 
cavity  is  supplied  by  the  tympanic  branch  (Jacobson's  nerve)  of 
the  glosso-pharjmgeal.  This  branch  arises  from  the  petrous 
ganglion,  and  passes  to  the  tympanum  through  a  canal,  the 
opening  of  which  is  in  the  ridge  of  bone  between  the  jugular 
fossa  and  the  carotid  foramen.  On  the  inner  wall  of  the  tym- 
panum the  nerve  forms  a  plexus  with  twigs  from  the  sympathetic. 
One  branch  of  the  tympanic  nerve,  the  small  superficial  petrosal. 
passes  beneath  the  canal  for  the  tensor  tympani  muscle,  and  thence 
to  the  exterior  of  the  skull,  through  a  small  opening  in  the 
sphenoid  bone,  to  end  in  the  otic  ganglion.  The  tympanic  plexus 
is  thus  connected  with  the  fifth  nerve.  Groups  of  ganglion-cells 
connected  with  the  tympanic  nerve  have  been  discovered  by 
Kolliker  and  Krause.  The  nerve  to  the  stapedius  muscle  arises 
from  the  facial  in  the  aqueduct  of  Fallopius.  opposite  the 
pvramid.  and  passes  obliquely  inwards.  The  sympathetic  nerves 
are  derived  from  the  carotid  plexus.  They  pass  through  the 
*  Zur  P\ysiolog\e  und  Anatomic  des  Bhitstromes  in  der  TromincUiohle,  1868. 
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posterior  wall  of  the  canal  of  that  name,  and  join  with  the 
branches  of  the  glosso-pharyngeal  and  fifth  pair  to  form  the 
tympanic  plexus.  The  nerves  contained  in  the  deeper  layer  of 
the  periosteum  are  for  the  most  part  medullated.  but  their 
branches  which  form  a  plexus  in  the  more  superficial  layer  give 
off  non-medullated  filaments.  Ganglion  cells  are  connected  with 
the  main  bi'anches.  and  are  also  found  immediately  beneath  the 
epithelial  cells. 

Besides  the  nerves  distributed  to  its  structures,  the  tympanum 
also  contains  a  portion  of  the  chorda  tympani  nerve,  which  leaves 
the  trunk  of  the  facial  while  within  the  aqueduct  of  Fallopius.  and 
crosses  the  cavity  to  join  the  lingual  branch  of  the  fifth,  with 
which  it  passes  to  the  tongue.  It  enters  the  posterior  part  of 
the  tympanic  cavity  through  a  canal  below  the  level  of  the 
pyramid,  where  it  comes  into  contact  with  the  posterior  fold 
of  the  lining  membrane  (see  page  43).  and  then  passes  forwards 
across  the  membrana  tympani  to  the  Glaserian  fissure. 

The  Eustachian  tube  forms  the  channel  of  communication 
between  the  pharynx  and  the  tympanum,  and  consists  of  two 
firmly  connected  portions,  one  being  cartilaginous  and  the  other 
osseous.  The  latter  commences  in  the  tympanum  ;  the  opening 
of  the  cartilaginous  portion  is  in  the  lateral  wall  of  the  naso- 
pharynx. From  end  to  end  the  tube  measures  about  36  milli- 
metres (r4  inches),  one-third  of  which  belongs  to  the  osseous 
portion.  The  direction  of  the  tube  is  not  uniform ;  the  two 
portions  being  united  at  an  obtuse  angle.  Looked  at  from  above, 
the  change  of  direction  is  scarcely  visible ;  but  it  is  always 
marked  on  the  under  side.  The  angle  coincides  with  the  narrowest 
part  of  the  tube,  and  with  the  place  of  union  of  the  cartilaginous 
and  osseous  portions.  The  calibre  of  the  latter  increases  towards 
the  tympanum  ;  the  passage  through  the  cartilaginous  part  takes 
the  form  of  a  vertical  slit,  the  height  of  which  increases  gradually 
towards  the  pharynx.  The  general  direction  of  the  Eustachian  tube 
is  from  the  tympanum  behind  and  above,  forwards,  downwards,  and 
towards  the  mesial  line.  Its  axis  forms  an  angle  of  150^  with 
that  of  the  external  meatus.  The  tube  is  usually  said  to  present 
an  outer  and  inner  wall,  a  floor  and  a  roof.  The  sides,  however, 
almost  meet  below,  and  in  the  cartilaginous  portion  the  upper 
boundary  of  the  tube  is  the  angle  formed  by  the  approximation 
of  the  walls. 
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The  walls  of  the  osseous  portion  of  the  tube  at  the  tympanic 
end  are  continuous  with  those  of  the  cavity,  except  below,  where 
the  orifice  is  marked  by  a  sharp  curve  downwards  to  the  anterior 
wall  of  the  tympanum.  The  roof  is  formed  by  the  floor  and 
lateral  wall,  partly  osseous  and  partly  fibrous,  of  the  canal  for  the 
tensor  tympani  muscle.  On  transverse  section  the  osseous  portion 
is  triangular  in  form,  with  the  base  above  and  the  apex  below  ; 


Eustachian  Tube  and  Tympanic  Cavitv,  Right  Ear.    {PoUtzer.) 

a,  membrana  tj-mpani ;  b,  head  of  the  malleus  ;  c,  lower  end  of  the  handle  of  the  malleus  ;  d,  body 
of  the  incus  ;  e,  short  process  of  the  incus  ;  /,  tensor  tympani ;  g,  ostium  pharjmgeum  tubse  ; 
h,  isthmus  iubfe  ;  i,  ostium  tympanicum  tubs. 

towards  the  tympanum  the  lateral  walls  are  separated  below,  and 
a  floor  may  be  said  to  exist,  which  is  sometimes  divided  into  two 
parts  by  a  minute  crest.  The  internal  wall  of  the  osseous  tube 
is  constituted  by  the  neighbouring  part  of  the  carotid  canal, 
and  close  to  the  tympanic  orifice  is  the  opening  of  the  minute 
canal  which  transmits  the  small  deep  petrosal  nerve.  Minute 
perforations  sometimes  exist  in  the  septum  between  the  osseous 
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tube  and  the  carotid  canal.  At  the  tympanic  orifice  the  tube 
measures  from  above  downwards  about  4^mm.,  and  o^mm.  from 
side  to  side  ;  at  the  isthmus  the  width  of  the  tube  is  about  1mm., 
while  from  above  downwards  the  average  measurement  is  3mm. 

The  mucous  memhrane  of  the  osseous  portion  of  the  tube  is 
closely  attached  to  the  periosteum.  The  epithelium  is  of  the 
columnar  ciliated  variety,  and  is  destitute  of  glands.  The 
membrane  is  thickest  towards  the  floor  of  the  tube,  and  contains 
a  vascular  network  resembling  cavernous  tissue.  Adenoid  con- 
nective tissue  is  often  found  in  the  mucous  membrane  beneath  the 
osseous  lamella,  separating  the  Eustachian  tube  from  the  canal  for 
the  tensor  tympani  muscle. 

The  cartilaginous  loortion  of  the  Eustachian  tube  forms  an  in- 
complete wall,  the  deficiency  being  supplied  by  fibrous  membrane. 
When  a  transverse  section  is  made  the  cartilage  is  seen  to  be 
bent  upon  itself,  so  as  to  form  an  angle  above,  and  to  constitute 
about  two-thirds  of  the  tube.  It  is  firmly  attached  by  means  of 
fibro-cartilaginous  tissue  to  the  indentations  of  the  osseous  portion. 
The  cartilage  is  complete  along  the  inner  wall  of  the  tube ;  its 
smaller  portion  forms  the  upper  part  of  the  outer  wall.  The 
inner  wall  increases  in  height  from  the  isthmus  to  the  pharyngeal 
opening,  where  it  measures  12mm.  At  the  latter  spot  the  cartilage 
of  the  outer  wall  is  much  reduced  in  size,  whereas  at  the  isthmus 
the  two  portions  are  nearly  equal.  At  the  pharyngeal  end  the 
inner  wall  is  much  thickened,  and  its  free  vertical  border,  which 
projects  into  the  side  of  the  pharynx,  is  often  slightly  concave,  and 
is  prolonged  for  a  short  distance  at  a  right  angle,  so  as  to  assist  in 
forming  the  floor.  The  cartilaginous  portion,  from  the  isthmus  to 
the  pharyngeal  opening,  measures  24mm.,  or  nearly  one  inch. 

The  upper  part,  or  roof  of  the  cartilaginous  portion,  is  firmly 
attached  by  means  of  fibrous  tissue  to  the  base  of  the  skull. 
Commencing  at  the  mouth  of  the  osseous  portion  of  the  tube,  a 
distinct  furrow  can  be  traced,  running  iivwards  and  forwards, 
between  the  great  ala  of  the  sphenoid  and  the  anterior  surface  of 
the  extremity  of  the  petrous  bone.  The  fibrous  tissue  occupying 
the  cleft  is  very  closely  connected  with  the  roof  and  inner  wall  of 
the  Eustachian  tube.  Further  forwards,  near  the  pterygoid 
process,  the  inner  wall  is  free  and  comparatively  movable,  and 
projects  into  the  pharynx.  The  outer  wall,  on  the  other  hand,  at 
its    anterior    part,   is    firmly    connected    with    the    bone,  and   its 
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extremity  is  attached  to  a  process  on  the  internal  pterygoid  plate. 
In  its  posterior  two-thirds,  this  outer  wall  of  the  tube  admits  of 
considerable  movement  as  a  result  of  muscular  contraction. 

The  continuity  of  this  portion  of  the  tube  is  often  broken  by 
clefts  of  various  forms  and  sizes,  and  filled  up  with  connective 
tissue  and  blood-vessels.  Sometimes  ridges  of  cartilage  project 
into  the  canal,  and  small  detached  cartilaginous  masses  are  not 
infrequent  in  the  surrounding  fibrous  tissue. 

Histologically,  the  cartilage  of  the  Eustachian  tube  is  of  tlie 
elastic  variety ;  fibres  of  the  latter  character  are  very  abundant  in 
the  upper  and  posterior  part.  The  capsules  of  the  cells  are 
distinctly  hyaline;  they  are  closely  packed  together  with  elastic 
fibres  in  the  middle  portions  of  the  cartilage. 

It  remains  now  to  describe  the  membranous  loortion  of  the 
tube,  or  that  which  completes  the  gap  between  the  edges  of  the 
cartilage.  This  portion  is  lined  b}^  mucous  membrane,  continuous 
with  that  of  the  rest  of  the  tube,  and  supported  by  a  fascia  closely 
connected  with  the  perichondrium,  and  by  the  attachments  of  the 
tensor  palati  muscle.  This  membranous  layer  is  mainly  composed 
of  connective  tissue,  the  bundles  of  which  are  parallel  to  the  axis 
of  the  tube,  and  the  submucous  tissue  is  strengthened  by  a 
comparatively  thick  layer  of  fat  cells.  The  mucous  membrane 
presents  several  longitudinal  folds,  and  these  are  especially  marked 
in  the  floor  of  the  tube,  towards  the  phaiyngeal  opening,  the 
closure  of  which  they  appear  to  assist.  Two  other  folds  exist  in 
the  outer  third  of  the  cartilaginous  portion ;  one  on  the  internal 
and  the  other  on  the  external  wall.  These  form  the  floor  of  a 
triangle,  the  apex  of  which  is  in  the  hooked  portion  of  the  carti- 
lage. Rlidinger,*  who  first  described  this  arrangement,  was  of 
opinion  that  this  portion  of  the  canal  remained  permanently  open, 
whereas  the  lower  part,  represented  by  a  vertical  slit,  was  always 
closed  except  during  the  act  of  swallowing.  The  upper  division 
he  termed  the  ''  safety-tube,"  while  the  lower  constituted  the 
"  accessory  cleft."  The  former  provides  a  channel  through  which 
air  in  the  tympanum  can  always  pass  into  the  naso-pharynx. 
Subsequently,  Klidinger  was  led  to  believe  that  in  a  state  of  rest 
the  middle  portion  of  the  tube  ^^'as  always  closed,  but  that  the 
lower  portion  stood  open,  like  a  funnel,  towards  the  pharpix. 
Moos  states  that  the  pharyngeal  opening  in  a  state  of  rest  is 
*  Schwalbe,  Lehrhucli  der  'Anatomie  des  Ohres,  S.  535. 
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always  closed  by  the  folds  which  project  upwards  from  its  floor. 
Other  authorities  are  of  opinion  that  under  ordinary  circumstances 
the  whole  of  the  cartilaginous  portion  is  closed.  Whichever  view 
be  correct,  it  may  be  assumed  that  a  capillary  canal  would  be 
filled  by  the  secretions  of  the  tympanum.  The  greater  part  of 
the  cartilaginous  portion  is  in  all  probability  closed,  except  Avhen 
acted  upon  by  the  muscles  about  to  be  described. 

The  tube  is  lined  by  ciliated  columnar  epithelium  with  basal 
cells  beneath,  and  goblet  cells  in  varying  proportions.  The  ciliary 
undulations  are  said  to  travel  from  the  tympanum  towards  the 
pharynx,  but  various  substances,  such  as  hair,  particles  of  soot,  and 
snuff  are  stated  to  have  found  their  way  through  the  Eustachian 
tube  to  the  tympanum.  Beneath  the  epithelium  is  a  loose  con- 
nective tissue  layer,  with  numerous  cells,  and  still  more  externally 
the  fibres  are  disposed  in  a  somewhat  circular  direction.  An 
important  constituent  of  the  mucous  membrane  of  the  tube  is 
the  so-called  adenoid,  or  reticular  connective  tissue,  containing 
numerous  leucocytes,  and  presenting  several  modifications  and 
stages  of  development,  sometimes  taking  the  form  of  a  diffuse 
lymphoid  infiltration,  and  sometimes  constituting  gland -like 
structures.  Beyond  the  pharyngeal  orifice,  this  reticular  tissue 
surrounding  minute  depressions  is  continued  into  the  pharyngeal 
tonsil.  It  is  especially  developed  in  children,  but  in  adults  it  is 
abundant  only  in  the  pharyngeal  third  of  the  tube.  The  excretory 
ducts  of  mucous  glands  open  into  the  bases  of  the  pit -like 
depressions,  as  well  as  between  them.  These  glands  are  copiously 
distributed  throughout  the  tube,  except  at  its  upper  portion. 

The  tissues  in  close  contact  with  the  cartilaginous  part  of  the 
Eustachian  tube  are  as  follows  :  The  tensor  veli  is  applied  to  its 
lateral  and  anterior  wall,  being  itself  covered  by  a  fascia  and  the 
internal  pterygoid  muscle.  The  levator  veli  extends  along  the 
floor  of  the  tube,  and  the  posterior  and  internal  wall  is  at  first 
covered  by  the  origin  of  this  muscle ;  but  in  front,  it  lies  under 
the  mucous  membrane  of  the  pharynx,  and  forms  the  anterior 
wall  of  Rosenmilller's  fossa.  In  their  further  course  in  the 
phar^mgeal  wall,  the  muscles  of  the  tube  are  thus  placed :  The 
salpingo-pharyngeus,  and  behind  it,  the  ligament  of  that  name, 
form  the  innermost  layer  beneath  the  mucous  membrane.  At  the 
anterior  border  of  the  muscle,  the  levator  veli  takes  a  direction 
downwards  and  forwards,  and  at  the  mouth  of  the  tube  lies  close  under 
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the  mucourt  niembrane.      Upon  the  outer  side  of  these  muscles  are 
the  constrictors,  and  still  more  forwards,  the  tensor  veli  muscle. 

The  plud-i/nr/eal  openiiKj  of  the  Eustachian  tube  is  situated  in  a 
depression  in  the  lateral  wall  of  the  naso-pharynx.  Its  form  varies, 
being  oval,  pear-shaped,  elliptical,  or  triangular,  with  the  larger 
extremity  above,  and  directed  somewhat  forwards.  In  other  cases 
it  is  a  mere  cleft  or  slit,  while  sometimes  the  opening  is  kidney- 
shaped.  Its  posterior  boundary  is  formed  by  the  pharjTigeal  end 
of  the  cartilage  of  the  tube,  the  internal  wall  of  which  projects 
like  a  lip.  and  separates  the  opening  from  the  fossa  of  Rosenmuller. 
Below,  this  projection  is  less  marked,  and  is  continuous  with  the 
salpingo-pharyngeal  fold,  and  lower  down  with  the  posterior  pillar  of 
the  fauces:  it  covers  the  salpingo-phar^-ngeus  muscle.  The  upper 
border  of  the  orifice  is  strengthened  by  a  curved  portion  of  the  pro- 
jecting ridge.  In  its  longest  diameter,  the  opening  measures  about 
6mm..  its  anterior  and  upper  extremity  is  about  6cm.  from  the 
anterior  nasal  spine,  and  1cm.  behind  the  posterior  extremity  of 
the  inferior  turbinate  bone.  The  opening  in  adults  is  somewhat 
above  the  lower  meatus  of  the  nose,  or  1cm.  above  the  level  of 
the  hard  palate. 

During  the  acts  of  swallowing  and  speaking,  the  size  and 
form  of  the  orifice  undergo  certain  changes ;  these  have  been 
observed  in  cases  in  which  the  upper  jaw  on  one  side  and  a 
portion  of  the  nose  had  been  removed.  The  opening  undergoes 
no  change  in  ordinary  or  forced  breathing  through  the  nose ; 
slight  movements  are  observable  during  inspirations  of  the  latter 
character  through  the  nose  and  mouth.  A  considerable  change, 
however,  is  noticeable  during  speaking  and  swalloA^ing.  The 
swelling  forming  the  posterior  boundary  moves  backwards,  and  the 
salpingo-pharyngeal  fold  comes  into  view  ;  in  front  of  it,  as  a 
result  of  contraction  of  the  levator  palati.  the  floor  of  the  orifice  of 
the  tube  rises  up  and  separates  the  walls  from  each  other. 

In  children,  as  compared  with  adults,  the  Eustachian  tube 
presents  certain  differences.  It  is  decidedly  shorter,  but  ab- 
solutely wider  at  the  isthmus  and  at  the  tympanic  orifice ;  the 
osseous  part  is  longer  in  proportion  to  the  cartilaginous,  and  the 
direction  of  the  canal  is  almost  horizontal.  This  conformation 
facilitates  the  removal  of  secretion  when  air  is  forced  through  the 
tube.  Less  than  half  the  circumference  of  the  tube  is  formed  by 
cartilage ;  the  pharyngeal  orifice  is  a  mere  cleft,  and  the  posterior 
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lip  is  decidedly  less  prominent.  During  fcctal  life,  the  opening  of 
the  tube  is  below  the  level  of  the  hard  palate  ;  at  birth,  it  reaches 
that  level ;  in  a  child  four  years  old,  it  is  about  3mm.  above  it. 

Several  muscles,  fascice,  and  lir/aments  are  connected  with  the 
cartilaginous  and  membranous  part  of  the  Eustachian  tube,  and 
are  mainly  concerned  in  rendering  its  orifice  more  or  less  patent. 
There  are  at  least  three  muscles,  of  which  the  first  in  importance 
is  the  tensor  veil,  or,  as  it  is  sometimes  called,  the  dilator  tulxe.  It 
arises  from  the  root  of  the  internal  pter3'goid  plate  of  the  sphenoid 
bone,  from  the  external  cartilaginous  portion  of  the  tube,  and  from 
the  membranous  portion.  Its  outer  surface  gradually  becomes 
tendinous,  and  a  portion  of  it  is  closely  united  with  the  aponeurosis 
of  the  internal  pterygoid  muscle  in  the  pterygoid  fossa.  The 
muscle  then  turns  round  the  hamular  process,  being  here  repre- 
sented by  a  somewhat  broad  tendon,  which  passes  into  the 
aponeurosis  of  the  palate,  and  is  also  attached  in  front  to  the 
posterior  border  of  the  hard  palate. 

"When  the  tensor  veli  contracts  it  separates  the  hooked  portion 
of  the  cartilage  and  the  membranous  part  from  the  internal  plate, 
and  thus  dilates  the  tube.  Certain  fibres  which  are  attached  to 
the  lateral  cartilage  and  to  the  notch  at  the  base  of  the  pterygoid 
plates  are  especial!}^  active  in  this  direction.  There  is  also  a  layer 
of  fibrous  tissue,  connected  on  the  one  hand  ^^■itll  the  membranous 
portion  of  the  tube,  and  on  the  other  with  the  aponeurotic  ex- 
pansion of  the  tendon  of  the  muscle,  and  this  tissue  is  tightened 
when  the  muscle  contracts  and  draws  the  membranous  from  the 
cartilaginous  portion  of  the  tube.  The  tensor  veli  is  often  closely 
connected  with  the  tensor  tympani  muscle. 

The  act  of  swallowing  invariably  causes  the  Eustachian  tube 
to  open,  but  the  latter,  result  can  be  independently  effected  by 
some  persons.  The  tensor  veli  muscle  is  supplied  b}'  the  motor 
portion  of  the  fifth  nerve. 

The  levator  veli  arises  from  the  under  surface  of  the  apex  of  the 
petrous  bone,  just  anterior  to  the  inferior  opening  of  the  carotid 
canal,  from  the  commencement  of  the  external  plate  of  the 
cartilage  of  the  tube,  and  from  the  contiguous  portion  of  the  floor 
as  far  as  the  posterior  extremity  of  the  internal  plate.  In  their 
course  forward  the  fibres  of  the  muscle  are  applied  to  the  lower 
aspect  of  the  tube,  being  nearly  parallel  to  its  axis.  Near  the 
pharyngeal  opening    the  muscle  passes   under    the   membranous 
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base  of  the  tube  downwards  towards  the  soft  palate,  and  divides 
into  two  portions.  The  smaller  of  these  is  continued  forwards 
towards  the  posterior  nares,  and  is  inserted  into  the  posterior  nasal 
spine  and  the  periosteum  of  the  hard  palate,  while  the  larger 
portion  passes  downwards  in  the  soft  palate,  and  reaches  the  arch 
of  the  palate  on  the  opposite  side,  the  right  and  left  muscles  thus 
crossing  each  other.  When  this  muscle  contracts,  its  belly 
thickens,  and  forms  a  projecting  cushion  on  the  floor  of  the  tube. 

The  principal  function  of  this  muscle  is  to  elevate  the  soft 
palate,  but  b}'  raising  the  floor  of  the  tube  at  the  pharj-ngeal 
opening,  it  so  far  diminishes  the  size  of  the  aperture.  This  result 
is  observed  during  deglutition,  the  act  of  speaking,  and  deep 
inspiration.  The  levator  veli  is  not  to  be  regarded  as  the 
antagonist  of  the  tensor,  for  it  comes  into  action  during  the  first 
part  of  the  act  of  deglutition,  whereas  the  contraction  of  the  tensor 
takes  place  at  a  later  stage  and  causes  the  pharyngeal  opening  of 
the  tube  to  enlarge.  Moreover,  the  swelling  caused  b}'  the  con- 
traction of  the  levator  separates  the  walls  of  the  tube  to  some 
extent,  and  alters  the  shape  of  the  aperture,  and  this  action  lessens 
or  altogether  neutralizes  the  diminution  caused  by  the  swelling  in 
the  floor.  It  is  therefore  more  correct  to  say  that  the  action  of 
the  muscle  is  to  modif\'  the  shape  of  the  aperture,  and  to  assist 
the  effect  of  the  contraction  of  the  tensor  veli  by  slightly  separating 
the  walls  of  the  tube  and  by  fixing  the  base. 

The  third  muscle  connected  with  the  Eustachian  tube  is  the 
saljiinr/o-phari/nrjeus,  or  the  retractor  tuhce.  This  arises  from  the 
thickened  pharyngeal  end  of  the  inner  cartilaginous  plate,  and 
passes  backwards  to  the  muscles  of  the  pharynx  into  the  con- 
nective tissue  between  the  latter  and  the  mucous  membrane.  It 
is  sometimes  absent,  and  is  seldom  very  conspicuous.  AVhen  it 
contracts  it  draws  the  pharyngeal  extremity  of  the  inner 
cartilaginous  plate  in  a  direction  back^^'ards  and  downwards,  and 
assists  to  open  the  mouth  of  the  tube  during  the  act  of 
swallowing. 

Several  so-called  fascite  are  described  in  connection  with  the 
Eustachian  tube.  (1)  There  is  a  layer  of  connective  tissue 
between  the  tensor  and  levator  veli  muscles  ;  it  is  attached  to  the 
membranous  portion  of  the  tube,  and  passes  outwards  and  down- 
wards. This  fascia  sal2jiago-2)Jiari/nr/ea  is  attached  to  the  hamular 
process,  and  to  the  lateral  wall  of  the  pharynx.     Some  fibres  of  the 
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tensor  veli  arise  from  this  fascia,  and  when  they  contract  they 
draw  the  membranous  portion  of  the  tube  do^^'nwards  and  out- 
wards. (2)  Another  fascia,  which  is  connected  with  the  internal 
pterygoid  muscle,  covers  the  lateral  cartilage  and  the  membranous 
tube,  together  with  the  tensor  veli.  When  the  internal  pterygoid 
contracts,  this  fascia,  the  portion  of  the  tube  connected  with  it  and 
the  tensor  veli  are  put  upon  the  stretch,  so  that  the  first-named 
muscle  forms  part  of  the  motor  apparatus  of  the  tube.  (3)  The 
salpiiiijo-pJiaryngeal  ligament  arises  from  the  posterior  surface  of 
the  inner  cartilaginous  plate,  and  passes  backwards  to  the  con- 
strictors of  the  pharynx.  When  the  superior  and  middle  con- 
strictors act  the  internal  cartilaginous  plate  is  forcibly  retracted, 
and  this  ligament,  which  often  contains  portions  of  cartilage,  may 
therefore  be  described  as  the  retrahens  tubce. 

Vessels  of  the  Eustachian  Tube. — The  tube  is  supplied 
by  the  ascending  pharyngeal  artery,  a  branch  of  the  middle 
meningeal,  and  by  small  twigs  direct  from  the  latter  artery  and 
from  the  internal  carotid  before  it  enters  the  canal  and  while 
passing  through  it.  The  veins  are  numerous,  and  some  of  them 
have  important  relations.  Those  which  form  the  internal  pterygoid 
plexus  pass  along  the  external  cartilaginous  plate  to  the  base  of 
the  skull,  and  some  of  them  open  into  the  cavernous  sinus. 
These  veins  are  freely  connected  with  the  plexus  around  the 
glenoid  fossa  and  the  anterior  wall  of  the  meatus,  and  open  either 
into  the  facial  or  internal  jugular  vein.  W^hen  this  plexus  is 
congested,  the  cartilaginous  plates  are  brought  nearer  to  each 
other,  and  the  calibre  of  the  tube  is  diminished. 

The  nerves  of  the  Eustachian  tube  are  supplied  mainly  by  the 
fifth  pair  ;  the  pterygoid  branch  is  distributed  to  the  tensor  palati, 
and  the  pharyngeal  opening  of  the  tube  receives  twigs  from  the 
superior  pharyngeal  nerve.  When  the  fifth  nerve  is  irritated,  the 
abductor  tubae  contracts  and  the  mouth  of  the  tube  is  enlarged 
anteriorly.  The  levator  veli  is  supplied  by  the  pneumogastric. 
The  osseous  portion  of  the  tube  receives  twigs  from  the  tympanic 
plexus. 

Functions  of  the  Tympanum  and  the  Eustachian  Tube. — The 
membrana  tympani  and  the  chain  of  bones  connected  with  it 
require  space  for  their  vibrations,  and  this  is  provided  by  the 
cavity  of  the  tympanum.  If  the  latter  were  not  furnished  with. 
any  channel  of  communication  with  the   atmosphere,  the  air  it 
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contains  would  be  compressed  by  the  inward  movement  of  tlie 
membrane,  the  vibrations  of  which  would  meet  with  a  corre- 
sponding resistance.  As  a  second  result,  the  membrane  of  the 
fenestra  rotunda  would  be  prevented  from  moving  outwards  when 
acted  upon  by  the  perilymph ;  but  these  consequences  are 
prevented  by  the  escape  of  air  through  the  Eustachian  tube. 
Moreover,  if  the  cavity  were  tightly  closed,  its  gaseous  contents 
would  be  only  such  air  as  might  escape  from  the  blood-vessels, 
and  this  would  be  subject  to  frequent  variations  in  composition 
and  tension  as  compared  with  the  air  on  the  outer  side  of  the 
membrane.  These  differences  would  modify  the  receptive  capacity 
of  the  membrane  for  sonorous  undulations  and  its  power  of 
conducting  sound.  The  necessity  for  a  tube  connecting  the 
tympanum  with  the  outer  air  is  thus  easily  demonstrated. 

The  Eustachian  tube  does  not  serve  to  conduct  sonorous 
undulations  from  the  pharynx  to  the  tympanum,  neither  is  it  a 
channel  for  the  passage  of  sounds  produced  in  the  throat.  Under 
ordinary  circumstances  a  man's  own  voice  is  not  more  distinctly 
heard  than  that  of  another  person  speaking  close  to  him.  When 
sounds  are  uttered  with  both  nose  and  mouth  closed  and  the 
orifices  of  the  Eustachian  tubes  open,  they  are  heard  with 
exaggerated  intensity,  and  they  appear  to  originate  within  the 
tympanum  itself,  this  difference  being  due  to  the  fact  that  the 
tubes  are  open.  Under  ordinary  conditions  their  walls  are  in 
apposition ;  the  expirator}^  current  and  therefore  the  sonorous 
vibrations  produced  by  the  vocal  cords  do  not  pass  into  the  tubes, 
for  the  air  does  not  impinge  upon  the  openings  in  a  favourable 
direction,  and  can  easily  escape  through  the  mouth  and  nares. 
The  mechanism  of  the  Eustachian  tube  presents  no  obstacle  to  the 
passage  of  air  from  the  tympanum,  but  its  valve-like  closure 
obstructs  the  passage  in  the  opposite  direction,  and  the  tube  is 
opened  either  by  muscular  action,  as  in  swallowing,  or  as  a  result 
of  increased  pressure  of  air,  as  in  Valsalva's  experiment.  When 
the  tube  is  open,  the  intensity  of  sounds  produced  in  the  larj-nx  is 
due  to  the  same  cause  as  the  alteration  which  is  noticed  when 
words  are  spoken  through  a  tube  into  the  ear.  Besides  this, 
when  sound  is  conducted  through  the  Eustachian  tube,  the 
vibrations  of  the  membrana  tympani  are  strengthened  by  re- 
sonance from  the  walls  of  the  cavity.  Some  of  the  vibi-ations 
reflected  from  the  internal  surface  of  the  membrane  are  thrown 
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back  upon  it  from  the  sides  of  the  tympanum,  and  thus  strengthen 
the  sound. 

During  swallowing  the  Eustachian  tube  opens  and  allows  air 
to  escape  from  the  tympanum.  At  the  beginning  of  the  act, 
however,  the  movement  upwards  of  the  soft  palate  tends  to  close 
the  opening.  In  the  second  stage  of  swallowing,  the  pharynx 
descends,  the  tensor  palati  contracts,  and  the  orifice  is  rendered 
patent.  Gelle,  however,  gives  a  some^^'hat  different  account  of 
the  phenomena  which  occur  in  the  Eustachian  tube  during  the  act 
of  swallowing.  According  to  his*  experiments,  in  that  stage  of 
the  act  during  which  the  pharyngo-nasal  cavity  is  shut  off  by  the 
horizontal  elevation  and  tension  of  the  soft  palate  and  the  action 
of  the  superior  constrictor,  the  walls  of  the  tube  are  separated  and 
the  canal  is  opened.  At  that  moment  air  is  withdrawn  from  the 
tympanum,  and  the  membrane  becomes  concave  or  moves  inwards. 
Immediately  afterwards  air  passes  in  the  opposite  direction,  as 
a  result  of  the  elasticity  of  the  membrane  which  comes  into  play 
when  the  action  of  the  muscles  of  deglutition  is  suspended. 

Besides  that  of  admitting  air  to  the  tympanum,  the 
Eustachian  tube  has  another  important  function,  viz..  that  of 
providing  for  the  escape  of  secretions  from  that  cavity.  The 
movements  of  the  cilia  are  directed  towards  the  pharynx,  but 
the  opening  of  the  tube  is  near  the  roof  of  the  tympanum,  and 
therefore  unfavourably  situated  for  the  removal  of  secretion,  when 
only  moderate  in  quantit3\ 

A  description  of  the  mastoid  portion  of  the  temporal  bone  and 
the  mastoid  cells  will  complete  this  portion  of  the  subject. 

The  Mastoid  portion  of  the  temporal  bone  is  situated  behind 
the  meatus ;  it  contains  cellular  spaces  which  communicate  with 
the  tympanum,  and  are  lined  by  mucous  membrane  prolonged 
from  that  cavity.  Its  external  surface  is  convex  and  rough,  and 
presents  several  foramina,  one  of  which,  much  larger  than  the 
others,  is  situated  close  to  the  posterior  border,  and  serves  for  the 
passage  of  a  vein  to  the  lateral  sinus.  Behind  the  aperture  of  the 
ear,  the  mastoid  portion  is  prolonged  downwards  into  a  nipple- 
shaped  projection — the  mastoid  process,  on  the  inner  side  of  which 
is  a  deep  groove,  the  digastric  fossa,  which  gives  attachment  to  the 
posterior  belly  of  the  muscle  of  that  name.  On  the  inner  boundar}^ 
of  this  fossa  is  a  slight  groove  for  the  occipital  artery.  In  some 
*  Suite  (V Etudes  (VOtologie,  Dc  r  Oreille,  p.  119,  et  scq. 
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specimens,  another  groove,  running  from  before  backwards,  divides 
the  mastoid  process  into  two  portions. 

The  outer  surface  of  the  mastoid  process,  and  especially  of  its 
posterior  part,  is  rough  and  perforated,  and  occasionally  so  incom- 
plete as  to  allow  the  cellular  structure  of  the  bone  to  become 
visible.  In  extreme  cases  of  this  kind  some  of  the  air-cells  open 
externally,  and  thus  establish  a  communication  between  the  tym- 
panum and  the  subcutaneous  tissues  of  the  mastoid  portion. 
]\Iorbid  contents  of  the  mastoid  cells  might  thus  pass  to  the  side 
of  the  neck  and  occiput,  and  Gruber*  states  that  he  has  often 
seen  emphj'sema  of  these  parts  result  from  injecting  air  into  the 
tympanum.  The  internal  surface  of  the  mastoid  process  presents 
a  deep  sigmoid  groove  which  lodges  part  of  the  lateral  sinus  :  the 
mastoid  foramen  opens  into  this  groove. 

The  mastoid  cells  communicate  with  the  tympanum  by  means 
of  one  or  more  openings  in  the  posterior  wall  of  that  cavit}^  At 
its  upper  part  is  a  space  which  is  termed  the  recessus  epitymijanicus, 
or  aditiis  ad  antrum,  and  contains  the  larger  portion  of  the  incus, 
and  nearly  half  of  the  malleus.  This  space  extends  backwards 
into  the  mastoid  antrum,  the  upper  wall  of  which  is  directly 
continuous  with  the  roof  of  the  tympanum.  The  antrum  measures 
from  behind  forwards  about  12mm.,  and  from  above  downwards 
about  8mm.  Its  floor  may  be  said  to  begin  at  the  spot  where  the 
short  process  of  the  incus  is  attached  to  the  posterior  wall,  with 
which  it  forms  almost  a  right  angle,  and  it  is  continued  downwards 
to  the  commencement  of  the  mastoid  process.  It  is  considerably 
below  the  level  of  the  opening  by  which  the  antrum  communicates 
with  the  tympanum,  and  secretions  are  therefore  liable  to  accumu- 
late in  this  passage.  The  walls  of  the  antrum  present  man}' 
openings,  of  various  forms  and  sizes,  communicating  with  the 
mastoid  cells  and  with  similar  cells  in  the  squamous  portion  of 
the  bone.  The  mastoid  cells  may  be  divided  into  two  sets  ;  one 
extending  horizontally  backwards,  and  the  other  do^^'nwards  into 
the  mastoid  process. 

The  number,  size,  and  contents  of  the  mastoid  cells  vary  con- 
siderably in  different  specimens.  Sometimes  the  cells  contain 
air  and  occupy  the  whole  of  the  mastoid  process,  and  even  extend 
backwards  to  the  occipital  suture,  upwards  and  forwards  to  the 
root  of  the  zygomatic  process,  and  inwards  for  varying  distances 
*  LehrJ)uch  der  Ohrenhcilhiinde,  2  Aufl.,  S.  26. 
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Fig.  15. 
Section  through  the  Mastoid  Portion  of  a  Max,  aged  30.    {Gruber.) 
S,  squamous  portion  ;  oF,  upper  surface  of  mastoid  portion ;  Pm.  mastoid  process  ;  Jm,  digastric 
fossa.     (Tlie  largest  pneumatic  spaces  are  seen  to  be  on  tlie  inner  side  of  the  mastoid  process, 
the  tissue  of  which  is  more  diploetic  in  cliaracter.) 


Fig.  16. 

Section  through  the  Mastoid  Process  of  a  Man,  aged  30.    {Gruler.) 
Im,  mastoid  process,  with  the  cellular  spaces  verj'  well  developed. 


Fig.  17. 

Section  through  the  Mastoid  Portion  and  Tympanum  of  a  Man,  aged  30.    {Gruler. y 
T,  tympanum  ;  Am,  mastoid  antrum  ;  Frt},  mastoid  process  with  {Ls)  pneumatic  spaces. 
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along  the  petrous  portion.  Tliey  tlius  surround  tlie  superior  and 
posterior  wall  of  the  osseous  meatus  and  a  large  portion  of  the 
labyrinth,  and  are  often  found  beneath  the  compact  tissue  of  the 
wall  of  the  jugular  fossa,  and  of  the  posterior  part  of  the  carotid 
•canal.  In  another  class  of  cases  the  air-cells  are  confined  to  the 
base  of  the  mastoid  process,  the  remaining  portion  being  either 
•compact   or   occupied   by   reddish   or   yellowish   diploetic   tissue 


Pm. 


Fig.  18. 

Section  through  the  Mastoid  Process  of  a  Max,  aged  30.    (Gruber.) 

S,  squamous  portion ;  Pm,  mastoid  process ;  P,  petrous  portion  ;  C,  a  large  pneumatic  cavity, 
with  adjoining  smaller  ones. 


FiG.  19. 

Section  through  the  Mastoid,  entirely  Diploetic,  of  a  Man,  aged  3u.    (Gruber.) 

Pm,  mastoid  process. 

containing  much  fatty  matter.  In  100  specimens  examined  by 
J3r.  Zuckerkandl,*  many  variations  were  found  in  the  proportion 
between  diploetic  and  pneumatic  mastoid  cells.  In  40  the  cells 
were  altogether  pneumatic  ;  in  22,  completely  diploetic  as  far  as 
the  antrum  ;  in  29,  the  apex  alone  was  diploetic  ;  and,  in  9  cases, 
the  condition  of  the  lower  half  was  of  that  character,  while  the 
*  Monatsschriftf.  Ohrenhellkutide,  Bd.  XIII.  1879. 
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cells  of  the  upper  half  contained  air.  In  rare  cases,  the  mastoid 
process  has  a  single  cavity  in  its  interior ;  but,  as  a  general  rule, 
there  are  many  cellular  spaces,  either  communicating  with  each 
other,  or  shut  off  by  septa  composed  of  the  lining  membrane. 
Many  variations  are  found  to  exist  in  the  form  and  size  of  the- 
cells  ;  those  contained  in  the  free  portion  of  the  mastoid  process 
are  usually  the  largest.  (See  Figures  16  and  18).  The  differences  in 
the  number,  size,  and  position  of  the  cells  in  different  specimens 
are  well  illustrated  in  Figs.  15 — 19,  copied  from  Gruber's  work. 

The  relations  of  the  mastoid  cells  and  antrum  to  both  surfaces 
of  the  bone  are  of  much  practical  importance.  On  the  dried  bone, 
the  upper  part  of  the  rim  surrounding  the  meatus  often  presents 
a  tubercle  or  spine  (the  spina  supra  meatmn),  with  a  small  depres- 
sion above,  and  these  serve  as  guides  to  the  mastoid  antrum,  being 
immediately  superficial  to  it,  and  separated  from  it  by  compact 
and  spongy  osseous  tissue  about  6mm.  in  thickness.  The  outer 
layer  of  compact  bone  measures  only  2mm.,  the  remaining-- 
distance  is  occupied  by  spongy  tissue,  bounding  minute  pneumatic 
cells.  A  horizontal  line  directed  backwards  from  the  tubercle  is 
always  above  the  level  of  the  floor  of  the  antrum.  The  line  of 
attachment  of  the  auricle  runs  about  15mm.  behind  the  tubercle, 
and  an  opening  into  the  antrum  from  behind  this  line  must  take 
an  oblique  direction  forwards  and  inwards.  If  made  perpendicu- 
larly to  the  surface  it  will  impinge  upon  the  sigmoid  groove,  the 
bone  being,  on  an  average,  7^mm.  thick  at  this  part.  This 
measurement,  however,  is  subject  to  great  variations  ;  Schwalbe 
states  that  it  has  been  found  as  low  as  2mm.,  and  as  high  as 
15mm. 

The  thickness  of  the  osseous  lamella  on  the  outer  surface  of 
the  mastoid  portion  varies  considerably.  The  upper  part  is 
generally  thicker  than  the  lower,  and  the  apex  is  more  compact 
than  the  part  immediately  above  it.  In  some  specimens  the  layer 
of  bone  is  almost  as  thin  as  paper,  and  yields  to  very  slight 
pressure.  The  openings  often  found  on  the  surface  are  in  part 
the  remains  of  the  squamo-mastoid  fissure,  and  in  part  the  results 
of  absorption  of  the  osseous  tissue.  In  children,  the  permanence 
of  the  fissure  may  be  a  matter  of  importance,  inasmuch  as  the 
connective  tissue  occupying  the  chink  might  allow  inflammation 
to  extend  outwards  from  the  pneumatic  cells.  In  the  adult  bone, 
remains    of  the    fissure   are  far  less   common.       In  the  internal 
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osseous  lamella  covering  these  cells,  there  are  two  spots,  where 
either  apertures  or  cracks  sometimes  exist,  or  the  crust  is  found  to 
be  extremely  thin.  One  of  these  is  situated  in  the  layer  of  bone 
continued  from  the  roof  of  the  tympanum  to  that  of  the  mastoid 
antrum.  This  layer  is  sometimes  perforated  by  several  minute 
apertures.  Similar  openings  are  occasionally  seen  in  the  thin 
osseous  lamella  which  separates  the  lateral  sinus  from  the 
posterior  mastoid  cells.  Suppuration  within  the  mastoid  process 
may  cause  necrosis  of  this  shell  of  bone,  with  phlebitis  of  the  sinus 
as  a  further  result. 

The  mastoid  antrum  and  cells  are  lined  by  a  very  thin  mucous 
membrane  which  is  closely  connected  with  the  periosteum, 
^linute  bands  and  threads  of  membrane  stretch  across  and  sub- 
divide many  of  the  pneumatic  cells,  so  that  the  openings  between 
the  cells  appear  smaller  than  in  the  dried  bone.  In  a  few  cases 
the  openings  between  the  mastoid  cells  and  antrum  have  been 
found  closed  by  mucous  membrane.  The  epithelial  layer  consists 
of  non-ciliated  pavement  cells. 

Functions  of  the  Mastoid  Cells. — Little  is  known  with  regard  to 
the  physiological  significance  of  the  mastoid  cells.  According  to 
some  physiologists,  the  differences  in  the  size  and  contents  of 
these  cells  would  seem  to  indicate  that  they  do  not  subserve  any 
very  important  purposes  in  connection  with  hearing.  They  may, 
however,  be  regarded  as  supplementing  the  capacit}-  of  the  tym- 
panum, which  must  not  fall  beyond  a  certain  limit,  if  variations 
in  pressure  of  a  given  amount  are  to  produce  corresponding 
vibrations  of  the  membrana  tympani.  If  the  tympanum  were 
reduced  in  size,  slight  excursions  of  the  membrane  would  cause 
considerable  expansive  power  of  the  contained  air.  and  any  further 
increase  in  the  vibrations  would  be  thereby  checked.  Moreover, 
for  the  reception  of  low  notes,  the  tympanum  must  be  of  a  certain 
depth  and  capacity,  and  hence  the  additional  space  furnished  by 
the  mastoid  cells  may  be  of  considerable  importance  so  far  as  these 
tones  are  concerned.* 

*  Burnett's  Treatise  on  the  Ear,  p.  118. 
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CHAPTEE   III. 

THE  EXAMINATION  OF  PATIENTS  SUFFERING  FROM  AURAL 
AFFECTIONS.      GENERAL    SYMPTOMS   AND    CAUSES. 

Investigation  of  History  of  Case — Points  to  be  Ascertained — Influence  of 
Age,  Occupation,  and  Surroundings  —  Duration  of  Symptoms  — 
Injuries  as  a  Cause — Previous  Diseases — Hereditary  Predisposition 
—Pain  as  a  Symptom — Vertigo — Subjective  Auditory  Sensations. 

[In  order  to  arrive  at  a  conclusion  with  regard  to  the  nature  and 
probable  course  of  many  affections  of  the  ear,  it  is  necessary  to 
[examine  not  only  the  organ  itself,  but  the  general  condition  of 
the  patient,  and  to  make  inquiry^  into  his  previous  history  and 
any  subjective  symptoms  of  which  he  may  complain.  Morbid 
conditions  of  the  ear  may  give  rise  to  symptoms  in  other  parts  of 
the  body,  while  diseases  of  other  organs  may  be  the  real  cause  of 
symptoms  manifesting  themselves  in  the  ear.  Affections  of  the 
circulatory  organs  and  of  the  nervous  centres  are  often  associated 
with  subjective  auditory  sensations,  in  the  absence  of  any 
discoverable  changes  in  the  ear  itself. 

In  the  investigation  of  the  history  of  the  case  it  is  well  to 
allow  the  patient  to  tell  his  own  story,  so  far  as  it  is  possible  for 
him  to  do  so.  In  dealing  with  children,  the  information  must,  of 
course,  be  obtained  from  those  in  charge  of  them.  Too  many 
questions  are  apt  to  mislead  a  patient,  and  to  cause  him  to  describe 
symptoms  not  connected  with  his  ailment.  It  is  obviously 
desirable  to  conduct  the  examination  in  a  regular  manner,  asking 
questions  in  a  definite  order,  and  carefully  noting  down  the 
answers. 
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The  followiiio-  are,  tlie  principal  points  on  wliicli  information 
should  be  obtained  from  the  patient : — 

1.  Age,  occupation,  habits,  and  place  of  residence. 

2.  The  duration  of  the  complaint,  the  circumstances  under 
which  it  first  appeared,  and  its  course. 

3.  The  general  health  of  the  patient,  with  especial  reference  to 
an}'  diseases  from  which  he  may  have  suffered,  e.f/.,  scarlatina, 
diphtheria,  measles,  whooping-cough,  mumps,  syphilis,  throat 
affections,  &c. 

4.  The  occurrence  of  any  aural  affection  among  members  of 
his  family. 

5.  The  nature  of  previous  treatment  (if  any)  of  the  aural 
affection. 

6.  The  influence  of  external  conditions,  e.j/.,  changes  of 
weather,  &c.,  upon  the  deafness  and  other  symptoms. 

7.  The  presence  or  absence  of  pain,  giddiness,  and  noises  in 
the  ears,  the  patient  being  invited  to  describe  minutely  any 
sensations  of  this  kind. 

8.  Discharges  from  the  ear  at  any  time  noticed  ;  their  duration, 
quantity,  and  character,  and  whether  connected  or  not  with  pain 
or  any  other  symptom. 

The  age  of  the  patient  determines  to  some  extent  the  nature  of 
the  complaint,  and  is  important  in  connection  with  the  prognosis 
and  treatment.  Children  are  especially  liable  to  suffer  from 
inflammatory  affections  of  the  tympanum  as  a  result  of  the 
extension  of  morbid  processes  from  the  naso-pharynx.  and  the  fre- 
quent occurrence  of  measles  and  scarlatina  among  young  subjects 
accounts  for  their  o-reater  liabilitv  to  aural  diseases.  Between 
twenty  and  forty  years  of  age.  chronic  catarrhal  and  suppurative 
affections  of  the  middle  ear  are  very  frequent.  In  later  life,  these 
affections  become  less  common,  and  chronic  adhesive  catarrh  is 
the  complaint  most  often  met  with.  In  old  age  the  frequency  of 
aural  diseases  is  again  increased  ;  the  tympanum  is  often  the  seat 
of  chronic  inflammatory  processes,  accompanied  by  thickening  of 
the  lining  membrane  and  rigidity  of  the  articulations  of  the 
ossicles.  The  auditory  nerve,  like  other  nerves  of  special  sense,  is 
apt  to  become  less  sensitive  with  advancing  years.  As  a  general 
rule,  affections  of  the  ear  in  old  people  are  less  amenable  to 
treatment  than  similar  diseases  in  young  subjects. 

Occupations,  habits,  and  surroundings  often  play  a  decided  part 
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ill  the  causation  of  aural  affections,  and  exercise  considerable 
influence  on  their  course.  In  one  category  may  be  grouped  those 
occupations  which  involve  constant  exposure  to  the  vicissitudes  of 
the  weather :  and  in  another,  those  in  which  the  auditory  nerve  is 
liable  to  be  excited  and  irritated  by  loud  and  sudden  noises. 
Thus  catarrhal  affections  of  the  ear  are  somewhat  frequent  among 
Liardeners.  coachmen,  and  fishermen,  while  deafness  caused  by 
paralysis  of  the  auditory  nerve,  and  marked  subjective  auditorj- 
sensations.  are  often  .noticed  among  blacksmiths,  chainmakers, 
coopers,  and  engine-drivers.  With  regard  to  surroundings  and 
/taints,  it  is  well  known  that  the  development  and  course  of  many 
aural  affections  are  much  influenced  by  the  patient's  circumstances. 
Poor  people  living  in  cold  damp  localities  are  much  more  prone  to 
suffer  from  catarrhal  affections  of  the  ear  than  those  who  are  more 
favourably  situated,  and  the  progress  of  such  complaints  is  apt  to 
l)e  affected  in  a  corresponding  manner.  With  regard  to  diet  and 
ijeneral  mode  of  living,  it  is  certain  that  the  immoderate  use  of 
alcohol  tends  to  aggravate  man}-  diseases  of  the  ear. 

Duration  of  the  Complaint. — The  statements  of  the  patient  or 
his  friends  with  regard  to  the  duration  of  the  complaint  must  be 
carefully  sifted,  inasmuch  as  the  early  stages  of  many  diseases  of 
the  ear  are  unattended  by  pain  or  any  marked  disorder  of 
function,  and  are  therefore  apt  to  be  unnoticed.  When  the 
complaint  is  unilateral  its  origin  is  less  likely  to  be  observed,  for 
the  healthy  ear  may  be  equal  to  the  ordinary  requirements  of  the 
patient.  ^lany  people  fail  to  notice  any  difference  in  their 
hearing  power  until  marked  impairment  has  occurred  ;  it  is  onh' 
when  they  are  unable  to  hear  their  friends'  conversation,  or  when 
tinnitus  becomes  troublesome  that  their  attention  is  directed  to 
the  state  of  the  faculty  in  question.  Morbid  changes  requiring 
months,  or  even  years,  for  their  development  are  not  infrequently 
detected  in  patients  who  assert  that  their  complaints  are  of  quite 
recent  origin. 

Injuries. — If  any  injury  to  the  ear  be  mentioned  by  the  patient 
its  nature  should  be  carefully  investigated.  Blows  on  the  side  of 
the  head  have  been  known  to  cause  rupture  of  the  membrana 
tympani.  and  the  complaint  described  as  hoBmatoma  auris  is  often 
due  to  this  cause.  Severe  injuries  to  the  skull  may  involve  the 
petrous  portion  of  the  temporal  bone,  and  cause  haemorrhage  into 
the  middle  or  internal  ear,  beside  rupture  of  the  membrane.     The 
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latter  injury  is  souu'tinies  due  to  coneut>si()U  resulting  from 
explosion  of  gunpowder,  l)ut  instances  of  this  kind  are  not  so 
common  as  is  generally  supposed.  In  the  cases  that  have  been 
recorded  there  has  probably  been  some  antecedent  affection  of  the 
tympanum  or  Eustachian  tube,  preventing  the  free  circulationof 
air.  Foreign  bodies  passed  into  the  meatus  may  injure  the 
membrane  and  set  up  inflammation  of  the  tympanum.  Affections 
of  the  meatus  are  not  infrecpiently  due  to  the  ])atient*s  own  efforts 
to  cleanse  the  part  or  to  relieve  irritation,  and  not  a  few  serious 
lesions  have  been  caused  l)y  unskilful  attempts  to  remove  foreign 
bodies. 

Previous  Illnesses. — Direct  questions  should  be  put  ^\■ith  regard 
to  any  previous  diseases  from  which  the  patient  may  have  suffered. 
Thus,  it  is  often  necessary  to  ask  whether  he  has  ever  had 
scarlatina,  measles,  typhus,  typhoid,  small-pox.  or  syphilis,  and 
Avhether  he  is  liable  to  attacks  of  sore  throat.  (The  connection 
between  diseases  of  the  throat  and  those  of  the  ear  will  be  fully 
discussed  in  a  subsequent  chapter.)  It  must  also  be  remembered 
that  aural  affections  are  often  connected  with  scrofula  and  tubercle, 
less  frequently  with  rheumatism  and  gout,  with  inflammatory 
affections  of  the  lungs,  and  with  chronic  disorders  of  the  heart  and 
kidneys.  In  another  class  of  cases,  the  cause  of  the  aural  affection 
is  to  be  found  in  some  cerebral  lesion,  such  as  meningitis,  tumours 
of  the  brain.  Szc. 

Hereditary  Predisposition  to  aural  diseases  is  sometimes  trace- 
able, the  affection,  however,  not  being  always  the  same  in  the 
parent  and  offspring.  Thus  in  the  case  of  a  child  suffering  from 
purulent  inflammation  of  the  tympanum,  it  may  be  found  on 
inquiry  that  the  father  is  the  subject  of  chronic  adhesive  catarrh. 
A  tendency  to  catarrhal  affections  of  the  throat  is  often  noticed 
among  members  of  the  same  family.  Of  500  cases  of  middle  ear 
disease,  investigated  by  Bezold,*  the  influence  of  heredity  was 
traceable  in  43  per  cent.,  and  in  28  per  cent,  among  381  patients 
suffering  from  diseases  of  the  internal  ear.  Heredity  plays  a  very 
important  part  in  the  causation  of  congenital  deafness  :  this  fact 
\\  ill  be  fully  discussed  in  a  subsecpient  chapter. 

External  Conditions. — It  is  desirable  to  ascertain  whether  the 
complaint   is  influenced  by  certain  external  conditions  :   such,  for 
example,   as   changes  of  weather.     Catarrh  of  the   t^uipanum  is 
*  Mii^/rJi.  M,(L   Worh..  18S7,  Nr.  2». 
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aU\avs  made  worse  by  exposure  to  cold  and  damp,  and  the  patient 
should  therefore  be  directed  to  avoid  these  injurious  influences  as 
far  as  possible.  Exposure  to  cold  is  often  assigned  as  the  cause 
of  the  aural  affection,  and  if  the  latter  has  really  come  on 
immediately  after  such  exposure,  the  statement  may  prove  to  be 
correct.  The  entrance  of  cold  ^\'ater  into  the  meatus,  as  in  sea- 
bathing, is  liable  to  cause  inflammation  not  only  of  the  external 
■ear,  but  also  of  the  tympanic  membrane  and  tympanum. 

The  etiology  of  diseases  of  the  labyrinth  requires  to  be 
minutely  discussed;  its  consideration  will  be  deferred  until  the 
last  section  of  this  work  is  reached. 

Pain  as  a  Symptom. — AVhen  the  patient  complains  of  pain   he 

should  be  cpiestioned  as  to  its  character — whether  it  is  continuous 

or  periodic,  and  if  the  latter,  at  what  time  it  comes  on.     Other 

l^oints  in  connection  with  pain  are  its  limitation  to  the  ear,  or  its 

radiation  to  other  pai*ts,  such  as  the  side  of  the  head,  the  throat, 

and  the  naso-pharynx.     Pain  is  often  absent  in  cases  of  chronic 

nflammation  of  the  meatus  and  tympanum.     It  is  nearly  always 

evere  in  acute  purulent  inflammation  of  the  tympanum,  befoi'e 

he  membrane  has  given  way  or  been  opened.     Its  intensity  varies 

n  different  cases  of  the    same    disease,   and    is   sometimes   very 

light,  even  where  considerable    destruction   of  tissue   has  taken 

'ace. 

Vertigo. — The  inquiry  should  further  extend,  to  other  signs  of 

lervous  disorder :   the  occurrence  of  vertigo   should  be  inquired 

nto,  and,  if  complained  of,  its  characters  should  be  ascertained, 

whether  continuous  or  paroxysmal,  whether  excited  by  any  special 

ause.  and  whether  accompanied  by  vomitino-. 

The  Condition  of  the  Nervous  Apparatus. — The  condition  of  the 
uditory  nerve  and  nerve-centres  is  the  next  subject  for  investi- 
gation,  and    two   sets   of  symptoms,  viz..   siilrjective  sensations  of 
heariw/  and    impaired    perception  of  sounds,  are  connected  with 
h'sorders  of  these  parts. 

Subjective  Sensations. — The  patient's  own  statements  are,  of 
^course,  the  only  guide  with  reference  to  sul)jective  auditory 
ensations.  and  are  not  always  to  be  depended  upon.  The  nature, 
duration,  and  apparent  place  of  origin  are  the  main  points  to  be 
investigated  in  connection  with  these  phenomena.  Many  various 
expressions  are  used  by  patients  to  describe  their  sensations.  Thus 
he  sounds  heard  are  said  by  different  sufferers  to  resemble  the 
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ticking  of  a  clock,  the  ringing  of  a  bell,  the  whistling  of  a  steam- 
eno^ine,  the  bubblinj^  of  water,  the  roar  of  the  wind,  the  rattle  of 
niachineiy,  the  luimming  of  bees.  &c.  ^lur^ical  sounds  variously 
combined,  the  sounds  of  instruments  and  of  voices,  the  cries  of 
animals,  the  singing  of  birds,  the  Ijuzzing  of  winged  insects,  and  a 
vast  number  of  other  sounds  are  declared  to  be  perceived  in  the 
absence  of  any  objective  cause.  Patients  are  apt  to  exhaust  their 
vocabulary  in  attempting  to  describe  their  sensations,  and  not 
infrequently  assert  that  they  are  unable  to  compare  them  with 
anv  recooiiised  sounds. 

•  o 

In  some  instances  the  sounds  are  continuous,  the  patients 
declaring  that  they  are  always  conscious  of  them  during  their 
waking  hours :  in  other  persons  the  sensations  are  troublesome 
only  at  intervals.  In  the  former  class,  the  intensity  of  the  sound 
is  apt  to  vary  from  time  to  time.  Sometimes  various  kinds  of 
sounds  are  perceived  simultaneously,  and  sometimes  in  succession. 
The  intensity  of  the  sound  is  often  affected  by  the  position  of  the 
head,  being  sometimes  increased  and  sometimes  diminished  when 
the  patient  is  lying  down.  In  the  former  case  the  sensation  may 
be  so  intense  as  to  prevent  sleep  and  to  cause  gi-eat  distress. 
Inquiry  should  be  made  as  to  the  time  at  which  the  sensation  was 
first  experienced,  whether  it  preceded,  accompanied,  or  followed 
any  other  complaint  of  the  ear  from  ^^•hich  the  patient  may  be 
suffering,  and  whether  any  alteration  has  taken  place  in  the 
severity  of  the  symptom  as  a  result  of  treatment  or  otherwise. 

The  localit}-  to  which  the  sounds  are  referred  is  another  point 
on  which  inquiry  should  be  made.  In  most  cases  the  sounds 
appear  to  originate  in  the  ear :  sometimes  they  are  referred  to 
the  head  generally,  or  to  some  particular  portions  of  it — e.r/.,  the 
occiput,  or  vertex.  In  another  class  of  patients,  the  sound 
appears  to  come  from  some  point  outside  the  head,  its  direction 
being-  alwavs  the  same,  or  varA'ino-  from  time  to  time. 

In  all  cases  in  which  sensations  apparently  subjective  are 
complained  of.  the  surgeon  should  ascertain  whether  any  objective 
cause  is  present.  It  sometimes  happens  that  the  noises  can  be 
heard  by  other  persons  ;  in  such  a  case  they  depend  upon  patho- 
logical conditions  in  the  interior  of  the  ear.  or  in  the  Eustachian 
tube.  Abnormal  action  of  the  muscles  of  the  latter  structure 
and  of  those  of  the  ossicles  may  also  cause  some  of  these  sounds. 
Further  details  with  regard  to  subjective  sensations  and  various 
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modifications   of   the   function   of   liearino-   will    be    i>-iven   in   tlie 
chapters  on  affections  of  tlie  anditoiy  nerve. 

Having  thus  obtained  as  clear  an  account  of  the  sj-mptoms 
as  tlie  patient  is  able  to  give,  the  condition  of  the  external  ear. 
tympanic  membrane,  and  tympanum,  and  the  amount  of  hearing 
power  should  next  be  investigated.  The  next  chapter  will  be 
<levoted  to  a  consideration  of  the  methods  of  examination. 
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CHAPTEE   lY. 

THE   EXAMIXATIOX    OF  THE   EAR    AND   DETERMIXATIOX   OF 
THE   IIEARIXG-POWER. 

ExamiDation  of  the  Ear — Sources  of  Light — Mirrors — Use  of  Specula — 
Brunton's  Auriscope — Other  Forms — Methods  of  Using — Points  to 
be  Xoticed — The  Membrana  Tympani,  Xormal  Appearance — Parts 
Seen  Through  it — The  Cone  of  Light — MobiHty  of  Membrane— Use 
of  Siegle's  Speeuhim — Division  of  the  Membrane  into  Quadrants — 
Determination  of  Hearing-Power — Use  of  the  Watch — Formula  for 
Registering  Hearing-Power — Bone-Conduction— Politzer'sAcoumeter 
— Hughes'  Sonometer — Testing  with  High  Xotes — Galton's  AVhistle 
— The  Tuning-Fork — Xumber  Requisite — Speech  as  a  Test  of  Hear- 
ing— Methods  to  be  Adopted — ^^'hispered  Speech — Tests  for  Bone- 
Conduction — Use  of  the  Watch.  Tuning-Forks — Weber's  Experiment 
— Tuning-Forks  with  Clamps — Rinne's  Experiment — Value  of  Tests 
— Gruber's  Modification — Gelles  Method. 

A  CAREFT'L  examination  of  the  accessible  parts  of  tlie  ear  is  in- 
dispensable for  the  correct  diagnosis  and  treatment  of  aural 
diseases  ;  and  the  present  chapter  will  contain  a  description  of  the 
manner  in  wliicli  such  an  examination  is  to  be  conducted  in  all  its 
details. 

Illumination  of  the  Accessible  Parts  of  the  Ear.— 

The  first  requisite  is  good  light,  and  ordinary  daylight  reflected 
from  white  clouds  is  often  sufficient ;  but  in  dull  weather  an 
artificial  substitute  is  always  necessarA'.  For  a  fixed  liorht  either 
gas  or  the  electric  light  is  very  suitable,  and  for  occasional  use  a 
l)owerful  mineral  oil  lamp  answers  the  purpose  well.  For  gas,  the 
.  modifications  of  Mackenzie's  Eack  ^lovement  Lamp  (Figs.  20  and 
21),  which  I  introduced  in  1878  will  be  found  to  be  very  con- 
venient, and  Messrs.  Mayer  Sc  ^leltzer  have  so  arranged  the 
l)racket  that  it  can  be  screwed  in^o  a  wall  as  well  a^  used  in  the 
standard  form  shown  in  the  figure.     The  outer  asbestos  cylinder 
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shown  in  Fio-.  21  sliould  be  fixed  so  tliat  an  interval  of  not  less 
than  three-quarters  of  an  inch  may  exist  between  it  and  the  metal 
chimney.  The  light  emitted  will  be  considerably  increased  if  the 
interior  of  the  cliimne}'  be  kept  whitened  by  painting  it  with 
oxide  of  zinc,  made  into  a  thin  paste  with  water.  For  an  electric 
light  it  is  best  to  have  the  lamp  fixed  at  the  end  of  the  third  arm 


'v.>,L>\! ; 


Fig.  20. 


Fig.  in. 


Thk  Author's  Modification  of  Mackexzik's  Rack  Movement  Gas  Lamp. 
The  modifications  consist  of  an  asbestos  outer  cylinder  over  the  concentrator,  to  prevent  the 
heat  causing  discomfort  to  the  patient,  and  a  third  joint  to  the  arm  of  the  bracket,  to  enable 
the  direction  of  the  light  to  be  altered  without  the  heated  concentrator  being  handled. 


of  a  similar  rack-movement  apparatus,  and  connected  by  flexible 
cords  with  the  wires  attached  to  the  wall. 

For  the  last  fourteen  years  I  have  been  using  the  portable 
mineral  oil  lamp,  shown  at  Figs.  22  and  23.  I  had  it  made  because 
I  found  that  the  portable  lamps  sold  by  instrument  makers  were 
practically  useless,  and  did  not  give  sufficient  light  to  enable  a 
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thorough  examination  of  the  throat,  nose,  and  ear  to  be  made. 
Fig.  23  sliows  the  metal  cap  screwed  on  to  the  top  of  the 
reservoir  ready  for  travelling.  To  prevent  the  oil  from  si)lashing 
out  of  the  reservoir,  I  cover  its  surface  entirely  with  segments 
of  a  wine  cork,  each  about  a  ({uarter  of  an  inch  in  thickness,  and 
subdivided  into  pieces  about  the  size  of  a  pea.  With  the  reservoir 
only  three  parts  full,   and  the  oil  entirely  covered  with  pieces  of 


Fig.  '22.  Fig.  l^3. 

The  Althok's  Poktaulk  Lamp. 


cork  of  the  size  mentioned,  the  oil  will  not  leave  the  reservoir 
unless  the  lamp  is  overturned.  In  this  event  the  leather  washer 
between  the  cap  and  the  top  of  the  reservoir  will  prevent  the  oil 
from  escaping  beyond  the  cap,  if  the  latter  has  been  properly 
screwed  down.  The  asbestos  shield  on  the  left  hand  side  of 
Fig.  22,  as  it  is  viewed  from  the  front,  protects  the  patient's  face 
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from  the  light  and  heat  of  the  lamp.  A  flannel  bag  lined  with 
wadding  enables  the  chimney  to  be  carried  with  additional  safety, 
and  allows  of  its  being  handled  when  hot. 

For  examining  the  auricle,  no  instrument  of  any  kind  is  required; 
the  light  should  be  allowed  to  fall  directly  upon  it.  For  the  exami- 
nation of  the  meatus  and  of  the  membrana  tympani  it  is  necessary 
that  the  light  should  be  reflected  into  the  ear  from  a  suitable 
mirror,  and  in  order  to  gain  a  clear  view  of  the  membrane,  and  of 
the  deeper  portion  of  the  meatus,  it  is  generally  necessary  to 
employ  some  form  of  speculum.  In  the  majority  of  cases,  owing 
to  the  curved  direction  and  small  size  of  the  meatus,  the  mem- 
brane is  not  visible  unless  a  speculum  be  used. 

For  reflecting  light  into  the  meatus,  a  small  concave  mirror  is 
required.  It  should  have  a  diameter  of  about  two  and  a  half 
inches,  and  a  focal  distance  of  five  or  six  inches.     In  the  centre  is 


Fig.  -24. 

a  small  elliptical  opening,  through  which  the  observer  inspects  the 
illuminated  structures.  When  direct  sunlight  is  used,  a  flat 
mirror  is  required,  in  order  that  the  eye  may  not  be  dazzled  by 
excessive  light.  The  mirror  may  be  attached  either  to  a  handle, 
or  to  a  head-band  by  means  of  a  ball  and  socket  joint  (Fig.  21)  : 
the  latter  contrivance  enables  the  surgeon  to  use  both  hands  in 
operating  upon  the  ear. 

Fig.  25  represents  the  late  ^Ir.  Gardiner  Brown's  hand  mirror. 
It  differs  from  the  old-fashioned  mirrors  in  having  an  elliptical 
opening  instead  of  a  circular  one.  The  advantage  of  this  is  that 
when  the  mirror  is  held  obliquely,  the  sight  is  not  interfered  with 
by  the  rays  of  light  reflected  from  the  edges  of  the  opening,  to 
nearly  the  same  extent  as  is  the  case  when  the  opening  is  circular. 
Although  Mr.  Gardiner  Brown  was  the  first  to  use  an  elliptical 
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opening  for  an  aural  mirror,  lie  did  not  claim  any  novelty  in  the 
alteration  of  the  shape  of  the  aperture,  as  he  was  full}'  aware  that 
the  frontal  mirror  used  for  laryngeal  examinations  had  been  made 
in  this  way  for  several  A'ears.  Whilst  speaking  of  mirrors  I  may 
mention  that  all  which  are  intended  for  aural  or  laryngeal  use 
should  have  a  perforation  in  the  glass  as  well  as  in  the  metal  back. 


Fig.  2o. 

Gardiner  Bro^vn's  Reflector. 

Some  mirrors  of  Continental  manufacture  are  still  made  with  only 
a  perforation  in  the  metal  back,  the  reflecting  composition  being 
scraped  off  the  back  of  the  glass  to  a  corresponding  extent  to 
allow  for  vision.  The  objection  to  this  mode  of  construction  is 
obvious. 

Havino"  thrown  a  strong"  liaht  into  the  meatus,  the  surgeon 


Fig.  2G. 

Crocodilk-Mouthed  Forceps. 

should  take  the  auricle  between  his  thumb  and  forefingei-  and 
draw  it  upwards,  backwards,  and  a  little  outwards,  so  as  to  diminish 
the  curvature  of  the  cartilaginous  portion  of  the  tube.  The  tragus 
should  at  the  same  time  be  drawn  forwards.  If,  as  often  happens, 
particles  of  cerumen  and  epidermis  or  purulent  secretion  obstruct 
the  view,  these  should  be  removed  by  means  of  forceps  (Fig.  26). 
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a  fenestrated  scoop  (Fig.  27).  a  little  cotton  wool  attached  to  a  fine 
]M'obe,  or  by  the  nse  of  the  syringe.  A  good  light  is  indispensable 
^\■henever  the  forceps  or  scoop  is  used,  and  if  the  obstructing 
masses  be  in  the  deep  portion  of  the  meatus,  syringing  is  generally 
necessary.  The  proper  method  of  using  the  syringe  will  be 
subsequently  described. 


Fig.  27. 

Imkay'.s  Scoop. 

Ear  Specula :  Brunton's  Auriscope.— For  the  examina- 
tion of  the  membrana  t\'mpani  the  best  form  of  speculum  is  that 
which  is  known  as  Brunton's.*  It  consists  of  a  plated  German- 
silver  cylinder,  to  one  end  of  which  an  ear  speculum  is  fitted, 
while  at  the  other  there  is  an  eyepiece  containing  a  lens. 
Light  is  admitted  into  the  instrument  by  means  of  a  funnel- 
shaped  tube  which  passes  into  its   side  at  a  right  angle,  and  is 
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lected  through  the  end  of  the  speculum  by  a  perforated  mirror 
placed  across  the  cylinder  at  an  angle  of  45  degrees.  Although 
the  instrument  is  extremely  simple  in  its  construction,  and  easy  to 
use,  it  has,  nevertheless,  been  employed  but  little  until  recently. 
At  this  I  am  not  surprised,  as  I  have  examined  a  number  of 
instruments  by  different  makers,  and  found  that  it  was  impossible 
*  See  La^wet,  vol.  ii.  1865.  p.  617. 
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to  get  a  distinct  view  of  the  tympanic-  membrane,  in  consequence 
of  tlie  faulty  construction  of  the  specuhim.  The  eyepiece  usually 
fitted  so  tightly  into  the  cylinder  that  it  could  only  be  moved  with 
great  difficulty,  and  the  lens  had  not  been  made  to  focus  at  any 
pai'ticular  distance  from  the  end  of  the  speculum.  At  my  request 
^lessrs.  Mayer  &  Meltzer  now  make  the  instrument  in  the 
following  manner  : — A  groove,  B,  is  cut  around  the  centre  of  the 
eyepiece,  and  when  this  groove  is  on  a  level  with  the  end  D  of 
the  cylinder,  the  lens  C  is  focussed  for  normal  vision,  three-quarters 
of  an  inch  beyond  the  end  of  the  speculum.  As  the  ej'epiece  is 
inserted  into  the  cvlinder  for  onlv  half  its  leno-th.  the  remaining; 
half  A.  can  be  pushed  in  until  the  light  is  focussed  on  the 
membrane,  or  the  half  of  the  eyepiece  in  the  cylinder  can  be 
pulled  out  to  the  necessary  degree  to  obtain  a  distinct  image  for  an 
eye  that  is  not  emmetropic.  The  tube  at  the  side  I  have  had  made 
funnel-shaped,  as  shown  in  Fig.  28,  instead  of  being  a  narrow 
cylinder  expanding  externally  into  a  trumpet-shaped  orifice.  It  is 
obvious  that  the  present  shaped  opening  admits  more  light  than 
the  one  which  was  formerh^  in  use.  The  inner  surface  of  the 
-cylinder  and  speculum  end  may  be  either  dull  black  or  polished  ; 
but  the  portion  of  the  cylinder  between  the  lens  and  the  oblique 
perforated  mirror  should  always  be  dull  black.  The  speculum  may 
be  used  with  either  daylight  or  artificial  light ;  but  except  with  sun- 
light, or  on  a  ver}-  bright  day,  the  latter  gives  the  better  illumina- 
tion. I  always  use  a  rack  movement  lamp,  and  place  the  bullseye 
condenser  against  the  funnel-shaped  opening,  in  the  side  of  the 
instrument;  by  means  of  the  light  thus  introduced  into  the 
speculum  a  very  distinct  magnified  view  of  the  membrana  tympani 
can  be  obtained.  The  lens  which  is  now  used  has  a  magnifying 
]:>ower  of  three  diameters  at  its  focus.  Whilst  the  examination  is 
being  made  the  patient  should  be  seated  with  his  face  turned 
towards  the  light,  and  if  a  lamp  be  used,  the  burner  should  be  on 
a  level  with  his  ear.  With  his  left  hand,  the  surgeon  draws  the 
auricle  upwards  and  backwards,  and  then  passes  the  speculum 
slowly,  and  with  the  utmost  gentleness,  into  the  meatus,  keeping 
the  tube  of  the  instrument  against  the  roof  of  the  canal.  If  the 
inward  movement  of  the  speculum  be  impeded,  or  if  pain  be  caused, 
the  tube  should  be  slightly  withdrawn,  and  the  wall  of  the  meatus 
i'xamined.  It  will,  perhaps,  be  found  that  a  smaller  speculum  is 
necessary.     Three  specula  of  different  sizes  are  supplied  with  each 
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instruiiu-nt,  and  for  examining-  the  membrana  tympani  it  is  well  tcv 
use  the  largest  speculum  that  can  be  introduced  ^^'itlu)ut  difficulty. 
The  objection  has  been  raised  that  Brunton's  si)eculum  is 
suitable  only  for  ])urposes  of  diagnosis  and  not  for  manipulation  or 
operation.  But  for  diagnostic  purposes  it  is  surely  no  small 
advantage  to  obtain  the  best  possible  view  of  the  object  to  be 
exauiined.  and  if  lesions  be  detected  requiring  operations  of  any 
kind,  an  ordinary  form  of  speculum  can  be  employed.  In  such  a 
case,  however,  the  previous  inspection  of  the  parts  through  a 
magnifying  lens  is  a  decided  gain.  Brunton's  speculum  helps  to 
luake  diao'nosis  more  easv  and  more  accurate  ;  it  is  of  course  some- 
what  more  expensive  than  a  set  of  simple  specula,  but  the  difference 


Fig.  29. 

Dai.hy«  Speculum. 


in  price  scarcely  amounts  to  a  drawback.  Politzer*  remarks  that 
this  (Brunton's)  speculum  is  more  troublesome  to  use  than  the  ordi- 
nary form  on  account  of  the  difficulty  of  concentrating  the  light 
upon  the  membrana  tympani.  Any  difficulty  of  this  kind  is, 
however,  soon  mastered  by  a  little  practice  in  the  use  of  the 
instrument.  With  regard  to  all  specula,  it  must  be  remembered 
that  their  introduction  sometimes  causes  a  troidjlesome  reflex 
cough,  owing  to  irritation  of  the  auricular  branch  of  the  pneumo- 
gastric  nerve. 

The  more  simple  forms  of  Specula  are  too  well  kno\Mi 

to  require  minute  description.  Diffi^rent  siu'geons  hold  different 
opinions    as    to    the    most    convenient    shape,    some   preferring    a 

*  Lelirhuch  der  OJirenheilhuKlc,  zweite  Aufl.,  S.  57. 
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t'unnel-sliaped  tube,  and  others  a  somewhat  conical  form.  Then. 
a<,^ain.  vulcanite  specula  have  their  advocates,  while  silver  or  plated 
instruments  are  preferred  by  some  authorities.  The  kind  of 
«pecuhnn  whicli  lie  lias  often  used  is  apt  to  be  regarded  by  the 
surgeon  as  the  most  convenient  and  the  best  adapted  to  its 
])ur])()se.  The  speculum  which  I  use  for  operative  work  is  Dalby's, 
Fig.  20.  and  T  have  had  it  made  IJ  inches  in  diameter,  which  is 
rather  wider  than  its  original  size.  ^letallic  specula  are  less 
liable  to  be  damaged ;  but  the  black  internal  surface  of  the 
vulcanite  instrument  serves  to  render  the  membrana  tympani 
more  distinct  by  contrast  with  the  dark  margin  that  surrounds 
it.  By  reflecting  the  light,  metallic  specula  help  to  illuminate  the 
membrane  and  meatus  ;  sometimes  the  view  is  rendered  indistinct 
by  such  reflection.  Vulcanite  instruments  have  the  advantage  of 
being  lighter  and  warmer,  and  their  introduction  is  therefore  less 
unjileasant  to  patients. 

Specula  are  usually  made  in  four  sizes  adapted  to  the  varying 
calibres  of  the  meatus  in  different  persons.  When  a  metallic 
instrument  is  used,  care  should  be  taken  that  the  edge  of  the 
tube  introduced  into  the  canal  is  rounded  off"  and  blunt,  for  if  it 
be  very  thin  and  sharp,  it  is  apt  to  scrape  or  cut  the  skin  of  the 
meatus,  and  cause  bleeding  and  pain.  The  bivalve  speculum, 
formerly  much  employed,  has  no  advantages  to  recommend  it.  It 
is  my  habit  to  warm  a  metallic  speculum  before  introducino-  it 
into  the  meatus. 

Introduction   of  ordinary  Speculum. — If  the  ordinary 

instrument  be  preferred,  it  should  be  employed  in  the  following 
manner.  When  there  is  sufficient  daylight,  the  patient  should  be 
seated  near  a  window,  with  the  ear  about  to  be  examined  turned 
away  from  the  light  and  directed  slightly  upwards.  The  surgeon 
should  also  be  seated,  so  that  he  can  look  directly  into  the  patient's 
ear.  When  a  lamp  is  requisite,  it  should  be  placed  a  little  behind 
the  patient's  head,  and  so  arranged  that  the  light  may  fall  upon 
tIu^  mirror  at  an  angle  of  4-5°,  and  thence  be  reflected  into  the 
meatus.  The  auricle  is  then  taken  between  the  index  and  middle 
linger  of  the  left  hand,  and  drawn  upwards,  backwards,  and  out- 
wards, and  examined  with  the  aid  of  the  mirror.  If  the  meatus  be 
free  from  obstruction,  the  examiner  takes  the  speculum  between  the 
t-lnnnb  and  ffrst  two  fingers  of  the  right  hand  and  passes  it  gently 
and  \NJth  a  slight  rotatoiy  movement  into  the  meatus,  keeping  the 
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instrument  against  the  upper  wall  of  the  canal.  The  tliumb  of 
the  left  hand  keeps  the  speculum  in  position,  while  the  surgeon 
takes  the  mirror,  brings  it  to  within  five  or  six  inches  of  the 
patient's  ear.  and  looks  through  the  opening  in  the  glass.  By 
causing  the  right  and  left  hands  to  work  together,  the  one  moving 
the  mirror  and  the  other  the  speculum,  the  membrana  tympani  is 
brought  fully  into  view.  It  must  be  remembered  that  the  size 
and  curvature  of  the  meatus  vary  in  different  individuals,  and  that 
it  is  sometimes  impossible  to  gain  a  view  of  more  than  a  portion 
of  the  membrana  tympani.  In  some  persons,  the  anterior  wall 
projects  considerably,  and  obstructs  the  view  of  the  anterior  and 
lower  portion  of  the  membrane.  In  such  a  case  the  smallest 
speculum  should  be  employed  and  carefully  moved  in  different 
directions. 

Parts  to  be  examined— the    Auricle,    Meatus,    and 

Membrana  Tympani. — The  following  are  the  points  to  be 
noticed  in  examining  the  external  ear  and  the  membrana  tympani: 
the  state  of  the  auricle  and  the  surrounding  parts,  especially  of 
the  mastoid  region  and  of  the  tissues  in  front  of  the  tragus  and 
below  the  lobule.  Next  comes  the  external  auditory  canal,  its 
calibre,  direction,  condition  of  its  wall,  presence  or  absence  of 
cerumen,  epithelial  debris,  and  of  foreign  bodies.  AVhen  the 
membrana  tympani  comes  into  view,  its  position,  direction,  colour, 
degree  of  transparency,  form,  size,  curves,  and  the  degree  in 
which  it  reflects  the  light  are  the  first  points  to  be  observed.  The 
normal  membrane  has  a  polished  and  shining  appearance,  and  a 
pearl-grey,  or  neutral  grey  colour,  to  which  a  slight  brownish 
yellow  tinge  is  sometimes  superadded.  The  kind  of  light  em- 
ployed tends  to  modify  the  colour  of  the  membrane  :  artificial 
light  gives  it  a  reddish  yellow  tint.  In  children,  the  meuibrane  is 
often  dull  and  somewhat  opaque,  owing  to  the  thickness  of  the 
outer  layer.  But  the  latter  may  be  very  thin  and  delicate,  in 
which  case  the  membrane  will  be  remarkably  transparent,  so  that 
the  promontory  on  the  inner  wall  of  the  tynipanum  will  he  seen 
through  it.  In  adults,  the  grey  colour  is  most  decided  in  the 
anterior  portion,  in  front  of  the  handle  of  the  malleus,  and  less 
marked  in  the  posterior  portion.  In  old  age  tlie  membrane  often 
loses  its  lustre  and  assumes  a  dull,  uniformly  grey  tint. 

Near  the  upper  part  of  the  circumference  of  the  meuibrane  is 
;i  small  prominence  caused  by  the  short  process  of  the  uialleus, 
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which  appears  as  a  yellowisli-wliite  knob,  projecting  into  the 
meatus.  From  this  process,  a  yellowish-wliite  streak  or  ridge, 
(hie  to  tlie  attachment  of  the  handle,  runs  downwards,  backwards. 
and  sliglitly  inwards,  and  terminates  in  a  rounded  or  flattened 
extremity  in  the  lower  half"  of  tlie  membrane.  This  extremity 
corresponds  with  the  umbo  of  the  membrane,  and  from  it  the 
so-called  "  cone  of  light "  extends  downwards  and  forwards  almost 
to  the  periphery.  At  the  umbo  the  membrane  is  decidedly 
opaque  ;  according  to  Politzer,  this  appearance  is  due  mainly  to 
the  deposit  of  small  cartilaginous  cells  round  the  inferior  ex- 
tremity of  the  handle  of  the  malleus.  The  yellowish-white  knob, 
^^•ith  the  streak  running  downwards,  the  umbo,  and  the  cone  of 
light  are  the  most  prominent  features  connected  with  the  mem- 
brana  tympani  ;  in  some  cases  other  structures  contained  within 
the  tympanum  come  into  view.  Thus,  the  long  process  of  the 
incus  may  appear  through  the  membrane  as  a  whitish  streak, 
running  behind  the  handle  of  the  malleus  ;  with  increased 
concavit}^  of  the  membrane,  the  chorda  t^-mpani  may  become 
visible,  and  sometimes  the  fenestra  rotunda  appears  as  a  dark  spot 
in  the  inferior  and  posterior  portion.  Extending  from  the  short 
process  of  the  malleus  are  two  folds,  one  larger  and  more  distinct, 
passing  backwards,  and  the  other  forwards  to  the  periphery. 
These  folds  form  the  lower  boundary  of  the  membrana  flaccida. 

The  cone  of  light  has  been  already  referred  to  in  the  account  of^ 
the  anatonn'  of  the  tympanum.  It  requires  a  somewhat  minute 
description,  inasmuch  as  it  is  subject  to  many  variations,  under 
both  normal  and  pathological  conditions.  This  "cone"  or  bright 
spot  is  triangular  in  shape :  the  apex  commencing  below  and  in 
front  of  the  iniibo,  while  the  base  is  close  to  the  periphery. 
Over  this  triangular  spot,  the  ordinary  lustre  of  the  membrane  is 
seen  to  be  exaggerated,  the  difference  varying  in  degree  according 
to  the  condition  of  the  membrane,  its  inclination  and  curvature, 
and  the  permeability  of  the  Eustachian  tube.  Sometimes  the 
brightness  is  interrupted  by  an  opaque  streak,  running  either 
longitudinally  or  in  the  opposite  direction ;  sometimes  the  bright- 
ness is  confined  to  the  more  central  portion,  and  is  indiscernible 
elsewhere. 

Politzer  has  shown  that  the  cone  of  light  is  due  to  the  inclina- 
tion of  the  membrane  to  the  axis  of  the  meatus  and  to  the 
concavity  produced  by  the  traction  of  the  handle  cf  the  malleus. 
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When  examined  with  the  ^^peculum  and  mirror,  the  anterior 
l)ortion  is  opposite  to  the  eye,  and  directlj^  reflects  the  light 
thrown  upon  it.  The  portion  in  which  the  bright  spot  appears 
forms  an  angle  of  45°  with  a  vertical  plane  and  of  10°  with  a 
horizontal  one.  When  air  is  forced  into  the  tympanum  the  cone 
is  more  clearly  seen  ;  on  the  other  hand,  the  brightness  diminishes 
when  the  membrane  is  drawn  inwards.  Hence  a  change  in  the 
appearance  of  the  cone  is  a  sign  of  the  permeability  of  the 
Eustachian  tube  ;  but  the  latter  condition  may  exist  in  the 
absence  of  any  visible  alteration. 

Mobility  of  the  Membrana  Tympani ;  Siegle's  Specu- 
lum.— It  is  often  important  to  determine  the  mobility  of  the  mem- 
l)rana  tympani,  and  for  this  purpose  Siegle's  pneumatic  speculum 


Fig.  30. 

Sikgle's  pneumatic  Speculum. 


is  employed.  This  instrument  (Fig.  30)  has  its  wide  extremity 
closed  by  means  of  a  thin  plate  of  glass,  inserted  at  an  angle  of 
45°.  Near  the  glass  plate  a  small  nipple  projects  from  the  side, 
and  over  this  an  india-rubber  tube,  connected  with  a  bag  at  its 
other  extremity,  is  closely  fitted.  In  order  that  the  speculum 
should  fit  closely  into  the  external  meatus,  a  piece  of  india-rubber 
tubing  is  fastened  around  it.  To  examine  the  membrane,  the 
speculum  is  passed  into  the  meatus  and  held  firmly  with  the  left 
liand.  Light  is  then  thrown  upon  the  membrana  tympani  by 
means  of  the  concave  mirror  attached  to  tlie  forehead,  while  the 
air  in  the  meatus  is  alternately  condensed  and  rarefied,  by 
compressing  and  releasing  the  ball  with  the  right  hand.  Care 
should  be  taken  to  pass  the  speculum  into  the  osseous  portion  of 
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the  meatus,  for  the  walls  of"  the  cartilaginous  part  would  be  drawn 
inwards  hy  the  expansion  of  the  Ijall,  and  would  obstruct  the  view. 
Before  introducing  tlie  instrument,  the  ball  should  be  partially 
emptied  of  air.  In  order  to  obtain  an  enlarged  view  of  the 
membrane,  a  lens  may  be  substituted  for  the  plate  of  glass  closing 
the  wide  extremity,  or  may  be  inserted  into  the  tube. 

Under  normal  conditions,  when  air  is  injected  by  compressing 
the  bag,  the  membrane  is  observed  to  move  inwards,  and  the  cone 
of  light  becomes  smaller  and  less  conspicuous.  AVhen  the  bag  is 
allowed  to  expand,  the  membrane  moves  in  the  opposite  direction, 
and  the  cone  becomes  brighter  and  more  prominent.  Siegle's 
method  is  especially  valuable  in  cases  in  which  the  Eustachian 
tube  is  obstructed.  It  enables  the  surgeon  to  determine  whether 
the  membrane  is  adherent  to  the  inner  wall  of  the  tympanum,  and 
to  estimate  the  degree  of  mobility  of  the  handle  of  the  malleus. 
As  a  result  of  adhesive  inflammation  of  the  tympanum,  the 
articulation  between  the  malleus  and  the  incus  is  liable  to  become 
anchylosed.  and  the  mobility  of  the  membrane  and  of  the  chain  of 
bones  is  thereby  considerably  impaired. 

For  the  accurate  description  and  record  of  changes  observed, 
the  menibrana  tympani  may  be  conveniently  divided  into  seg- 
ments and  Cjuadrants.  The  following  divisions  are  suggested  by 
Urbantschitsch  : — A  line  corresponding  with  the  handle  of  the 
malleus  is  extended  to  the  periphery,  thus  dividing  the  membrane 
into  an  anterior  and  posterior  portion.  Another  line,  at  right 
angles  to  the  first  and  dividing  it  into  two  equal  parts,  will  mark 
oif  an  upper  and  a  lower  segment.  The  membrane  is  thus  divided 
into  quadrants,  tvro  of  which  (upper  and  lower)  are  anterior  and 
two  posterior.  The  cone  of  light  is  in  the  anterior  inferior 
quadrant  ;  the  vertical  process  of  the  incus  is  sometimes  visible  in 
the  posterior  superior  quadrant. 

DETERMINATION   OF  THE  HEARING  ROWER. 

In  order  to  ascertain  the  amount  of  hearing-power,  three  tests 
are  usually  adopted,  viz.,  (1)  simple  sounds,  such  as  the  tick  of  a 
watch,  or  those  emitted  by  some  specially  constructed  instrument ; 
(2)  ordinary  conversation  and  certain  modifications  ;  and  (3)  the 
tuning-fork.  I'hese  tests  are  admittedly  imperfect  ;  they  do  not 
measure  the  precise  amount  of  functional  disorder,  but  they  are  of 
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great  practical  value  in  many  case^^.  Moreover,  the  statements  of 
patients  when  these  tests  are  employed  are  more  to  be  depended 
upon  and  can  be  more  easily  checked  than  their  description  of 
sensations.  In  testing-  the  sharpness  of  hearing  for  any  special 
'sound,  e.f/.,  the  ticking  of  a  watch,  it  is  necessary  to  use  the  same 
instrument  again  and  again  under  precisely  similar  conditions 
before  arriving  at  a  positive  conclusion. 

The  watch  is  the  most  convenient  instrument  for  testing  the 
liearing  power,  but  it  yields  onh^two  not  very  definite  sounds.  It 
is,  however,  easily  handled,  and  the  sounds  themselves  emitted  by 
any  one  watch  are  of  almost  constant  intensit}^ ;  as  a  general  rule, 
after  winding-up  the  tick  is  somewhat  louder  than  before. 
Different  watches  vary  in  the  sounds  the}'  emit,  and  for  testing- 
purposes  one  having  a  sharp  distinct  sound  should  always  be 
chosen.  It  should  first  be  tested  on  an  ear  presumed  to  be 
normal,  in  order  to  ascertain  the  most  distant  point  at  which  the 
sounds  are  audible.  A  stop-watch  is  particularly  useful ;  it 
enables  the  surgeon  to  test  the  accuracy  of  the  patient's  state- 
ments. 

The  method  of  using  the  watch  is  as  follows  : — The  patient  is 
directed  to  shut  his  eyes,  or  to  hold  up  a  piece  of  paper  or  a  fan  to 
prevent  the  watch  from  being  seen,  and  to  close  with  the  finger 
the  meatus  of  the  ear  which  is  not  being  tested  ;  the  watch  is  then 
[lield  at  the  extreme  distance  at  which  its  sounds  can  be  perceived 
Iby  a  person  with  good  hearing-power,  and  gradually  brought 
nearer  to  the  patient,  who  is  asked  from  time  to  time  ^^•hether  he 
hears  the  sound.  AVhen  the  reply  is  in  the  affirmative,  in  order  to 
see  whether  the  patient  adheres  to  his  first  statement,  the  watch 
is  moved  again  towards  the  ear  from  a  distance,  the  position  at 
which  its  tick  was  heard  being  marked  by  the  forefinger  of  tlie 
hand  not  holding  the  watch,  being  held  in  that  place.  This  pro- 
cedure should  be  repeated  several  times,  the  patient's  eyes  being 
of  course  kept  closed.  It  is  unadvisable  to  begin  the  examination 
by  placing  the  watch  so  close  to  the  ear  that  its  sound  can  be 
perceived ;  the  auditory  nerve  once  excited  b}'  a  distinct  sound 
is  more  readily  affected  by  it  for  some  little  time  afterwards.  If, 
therefore,  the  examination  be  commenced  ^^■ith  the  watch  held 
close  to  the  ear,  the  patient  is  likely  to  be  credited  with  more 
hearing-power  than  he  really  possesses. 

The  distance  at  which  the  watch  is  heard  should  be  accurately 
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measured  and  noted  down  for  future  guidance.  A  useful  formula 
for  registering  the  hearing-power  has  l3een  suggested  by  Dr.  J.  S. 
Prout.*  Surgeon  to  the  Brooklyn  Eye  and  Ear  Hospital.  The 
hearing-power  he  records  "  as  a  fraction,  the  numerator  of  which 
is  the  distance  at  which  the  particular  sound  is  heard,  the 
denominator  the  distance  at  which  it  should  he  heard  by  an  ear  of 
good  average  hearing  power.""  The  denominator  varies  according 
to  the  watch  or  other  instrument  used,  and  is  expressed  in  inches. 
Thus,  supposing  that  a  given  Avatch  can  be  heard  by  a  normal  ear 
at  thirty-six   inches  distance,  and  by  the  ear  of  a  patient   under 
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examination  at  only  six  inches,  his  hearing-poA\'er  AAOuld  be 
expressed  by  the  fraction  ^\.  If  the  patient  hears  the  watch  only 
when  in  co/itad  with  the  ear.  the  formula  -^  may  be  employed, 
and  if  not  at  all  -^. 

Politzer's  Hormesser,  or  Acoumeter. — The  fact  has  been 

already  alluded  to  that  different  watches  vary  considerably  in  the 
pitch  and  intensity  of  their  sounds,  and  to  get  rid  of  these  imper- 
fections Politzerf  has  invented  an  instrument  termed  a  hdnnesser 
or    acoumeter.      This    instrument    consists    of   a   horizontal  steel 
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cylinder  (c)  rather  more  than  an  inch  long,  and  one-fifth  of  an 
inch  thick,  firmly  connected  by  means  of  a  screw  with  a  perpen- 
dicular rod  made  of  vulcanite  (/i/).  Above  the  place  where  the 
cylinder  is  attached,  a  percussion  hammer  (k  e)  is  fastened  ;  this 
latter  is  movable  upon  its  axis,  and  produces  the  sound  by  falling 
upon  the  steel  cylinder.  The  intensity  of  the  sound  depends 
upon  the  height  from  which  the  percussion  hammer  falls ;  and  in 
order  that  this  height  should  be  the  same  in  all  instruments,  a 
small  piece  of  vulcanite  ((/),  furnished  with  a  soft  india-rubber 
plate,  is  attached  to  the  posterior  periphery  of  the  rod  as  a  check 
upon  which  the  posterior  short  arm  of  the  percussion  hammer  is 
pressed  down  with  the  middle  finger.  At  the  upper  and  lower 
extremity  of  the  rod  is  a  flat  semi-circle  (h  a),  adapted  to  receive 
the  forefino-er  and  thumb  b^'  which  the  instrument  is  held.  Below 
the  upper  semi-circle  is  an  india-rubber  rod,  4cm.  (14  inch.)  long, 
and  terminating  in  a  circular  metal  plate  (i).  This  last  contriv- 
ance is  for  testing  the  perception  through  the  cranial  bones,  for 
^^•hich  purpose  the  meatuses  are  closed,  and  the  metal  plate  is 
brought  into  contact  with  the  temple  or  the  mastoid  process.  In 
the  same  manner,  in  cases  in  which  the  sound  of  the  instrument 
is  not  heard  at  the  shortest  distance  from  the  ear,  the  round  metal 
plate  is  made  to  touch  the  orifice  of  the  external  meatus,  in  order 
to  discover  whether  the  sound  is  then  perceived. 

The  sound  produced  when  the  hammer  strikes  the  cylinder 
corresponds  with  the  note  C-  (  =  528  vibrations),  and  may  be  com- 
pared with  the  ticking  of  a  loud  watch.  In  using  the  acoumeter, 
attention  mast  be  paid  to  the  position  in  which  it  is  held,  and  the 
direction  in  which  the  sounds  strike  the  ear.  As  a  general  rule, 
the  sounds  are  heard  more  distinctly,  and  at  a  greater  distance, 
when  the  instrument  is  held  somewhat  in  front  of  the  ear  than 
when  it  is  placed  in  a  line  with  the  meatus.  When  the  hearing- 
power  is  to  be  tested,  the  acoumeter  is  taken  between  the  fore- 
linger  and  thumb  of  the  right  hand,  and  the  middle  finger  presses 
down  the  short  arm  of  the  lever,  and  thus  raises  the  percussion 
hammer.  Kemoval  of  the  finger  allows  the  hammer  to  fall  upon 
the  steel  cylinder,  and  a  sharp  click  is  thus  produced.  The 
patient's  eyes  should  be  closed  while  the  instrument  is  tried  at 
gradually  lessening  distances  until  its  sound  is  heard.  Each  ear 
must  be  separately  tested,  the  opposite  meatus  being  closed  by  the 
finoer  while  the  examination  is  o-oino-  on. 


86  EXAMIXATIOX  OF  THE   KAIJ. 

PolitziT  state's  that  tlie  averao-e  nf)rmal  lu'ariii«>"  distance  for  his 
acouinetei-  is  about  sixteen  yards,  and  that  several  advantages  are 
connected  with  tlie  use  of  the  instrument.  By  reason  of  the 
greater  intensity  of  its  sound,  tlie  results  obtained  admit  of  a  more 
definite  comparison  with  the  results  of  whispered  speech  than  is 
the  case  when  the  watch  is  used ;  and  therefore  that  when  the 
hearing  distance  for  the  acoumeter  is  increased  in  any  given  case, 
a  corresponding  increase  in  the  hearing  distance  for  speech  can  be 
more  surely  inferred  to  exist.  If  the  instruments  are  constructed 
exactly  according  to  directions,  a  uniform  sound  is  always  pro- 
duced. Moreover,  the  sounds  can  be  made  to  follow  each  other 
rapidly  or  slowly,  regularly  or  irregularly,  as  the  surgeon  chooses, 
and  by  making  the  patient  count  the  clicks,  his  statements  as  to 
his  hearing-power  can  be  easily  tested. 

In  estimating  the  results  of  examinations  with  the  vie\\-  to  test 
the  sharpness  of  hearing,  it  must  be  remembered  that  in  this 
latter  respect  considerable  differences  are  liable  to  exist  in  the 
same  patient  on  different  days,  and  also  at  different  times  of  the 
same  day.  Hearing  power  is  also  influenced  b}'  the  temperature 
and  moisture  of  the  air,  and  by  various  bodily  and  mental  condi- 
tions. It  is  usually  better  when  the  weather  is  warm,  dry  and 
still,  and  when  the  patient's  general  health  is  good,  than  under 
opposite  conditions. 

Hughes'  Sonometer  is  another  instrument  by  means  of 
^^'hich  the  hearing  power  can  be  tested,  and  variations  while 
under  treatment  accurately  estimated.  It  consists  of  two  Leclanche 
cells,  and  an  arrangement  whereby  the  current  can  be  rapidly 
interrupted.  There  is  a  rectangular  bar,  al)out  25cm.  in  length 
(10  inches),  and  divided  into  centimetres  and  millimetres,  and 
along  this  slides  a  reel  wound  round  with  insulated  copper  wire. 
At  each  end  of  the  bar  is  another  reel  also  carrying  ^^'ire.  but 
firmly  fixed,  and  these  wires  are  connected  with  the  Leclanche 
cells.  The  ends  of  the  wire  on  the  movable  coil  pass  through  the 
base  of  the  instrument  to  terminals,  and  thence  to  a  telephone 
which  is  applied  to  the  patient's  ear.  When  the  movable  coil  is 
])laced  at  zero,  no  sound  is  heard ;  but  as  it  is  slid  along  the  bar 
towards  the  fixed  coil  on  the  left  hand,  the  interruptions  in  the 
current  produced  by  the  microphone  are  heard  in  the  telephone. 
A\'lien  the  instrument  is  used,  the  telephone  is  applied  to  the 
patient's  ear  and  the  coil  placed  at  zero.     It  is  then  gradually  slid 
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along  the  bar,  until  the  patient  states  that  he  hears  the  sound. 
The  distance  from  zero  in  millimetres  is  then  noted,  and  the  other 
ear  is  similarly  tested.  The  value  of  this  instrument  consists  in 
the  facility  with  which  variations  in  hearing-power  can  be  detected, 
so  far,  at  least,  as  its  sound  is  concerned.  But  it  must  be  remem- 
bered that  an  improvement  demonstrated  by  this  instrument  does 
not  necessarily  imply  any  corresponding  variation  in  hearing- 
po^^•er  as  regards  speech. 

Testing  with  High  Notes,  Galton's  Whistle.— It  is 

sometimes  desirable  to  test  the  hearing  power  for  very  high  notes. 
This  varies  considerably  in  different  persons,  and  is  generally  much 
diminished  in  advanced  life.  Galton's  whistle  (Fig.  32)  is  a 
convenient  instrument  for  measuring  the  upper  limits  of  auditory 
perception.  It  consists  of  a  brass  tube,  with  a  diameter  of  less 
than  yo-  of  an  inch.  The  lo\ver  end  is  fitted  with  a  plug,  whereby 
the  tube  can  be   lengthened  or  shortened,  and  the  pitch  of  the 
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note  correspondingly  changed.  Galton's  whistle  has  a  compass  of 
more  than  the  three  highest  octaves,  and  its  notes  correspond  to 
0,461-84,000  simple  vibrations  in  a  second.  It  is  very  difficult  to 
test  unilateral  impairment  of  hearing  by  its  means,  inasmuch  as 
its  sounds  are  heard  by  the  normal  ear  even  when  the  meatus  is 
thoroughly  closed. 

With  regard  to  the  alterations  in  the  hearing-powers  for  high 
and  low  notes,  it  may  be  stated  in  general  terms  that  in  affections 
of  the  middle  ear  the  perception  of  high  notes  is  less  interfered 
with,  while  that  of  low  notes  is  apt  to  be  retained  in  disorders  of 
the  internal  ear.  There  are,  however,  frequent  exceptions  to  this 
rule.  As  pointed  out  by  Politzer,  very  high  notes  are  often  dis- 
tinctly perceived  in  cases  of  severe  disorder  of  the  labyrinth,  while 
low  notes  may  be  distinctly  heard  when  there  is  considerable 
interference  with  sound-conduction.  Diminished  perception  of 
high  notes  is  not  a  positive  indication  of  disorder  of  the  nervous 
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apparatus,  for  it  often  accompanies  general  impairment  of  liearing 
in  cases  of  adhesive  affections  of  the  middle  ear. 

Speech  is  the  most  important  test  of  hearing  power.  The 
human  voice  is  capable  of  exhibiting  great  variations  in  pitch, 
intensity,  and  quality.  Moreover,  deaf  persons  most  frequently 
seek  advice  because  they  are  unable  to  hear  wliat  other  people 
sa}',  and  the  removal  of  this  disability  is  the  object  of  their  desire. 
There  is  another  advantage  in  the  use  of  speech  as  a  test.  When 
the  patient  states  that  he  can  hear  words  uttered  to  him,  the 
accuracy  of  his  statement  can  easily  be  tested  by  causing  him  to 
repeat  them. 

In  testing  b}'  means  of  speech,  the  patient  should  be  placed  at 
a  distance  of  several  yards  from  the  examiner  ;  liis  eyes  should  be 
closed,  and  the  opposite  ear  shoidd  be  carefully  stopped  with  a 
moistened  finger.  It  is  very  important  that  the  ])atient  should 
not  see  the  lips  of  the  speaker,  inasmuch  as  deaf  persons  often 
attain  great  skill  in  the  art  of  lip-reading.  It  is  well  to  begin 
the  examination  by  testing  both  ears  together,  even  when  the 
complaint  is  supposed  to  be  unilateral.  It  must  be  borne  in  mind 
that  great  differences  often  exist  between  the  hearing  capacity  for 
speech,  and  that  for  the  watch  and  musical  sounds.  In  one  class 
of  cases,  the  ticking  of  a  watch  can  be  heard  only  when  the  sound 
is  produced  close  to  the  ear,  whereas  a  A\hisper  is  audible  at  some 
yards'  distance.  In  another  class,  the  watch  is  heard  at  a  distance, 
but  speech  only  when  the  mouth  is  brought  close  to  the  auricle  ; 
and  it  sometimes  happens,  that  when  the  impairment  is  bilateral, 
speech  is  heard  best  on  one  side  and  the  ticking  of  a  watch  on  the 
other.  These  varieties  in  the  symptoms  ma}'  be  explained  by 
supposing  that  the  faculty  of  hearing  various  notes  and  sounds, 
and  of  distinguishing  bet^^'een  them,  is  impaired  or  destroyed  b}' 
morbid  processes  in  various  parts  of  the  organ  of  hearing. 

Words  to  be  used  in  testing  Hearing  Power.— It  is  not 

a  good  plan  to  ask  the  patient  questions,  for  he  may  hear  some  of 
the  words  and  guess  at  the  rest.  The  best  mode  to  adopt  is  to 
pronounce  single  words,  and  to  tell  the  patient  to  repeat  them. 
The  most  suitable  words  to  bee'in  with  are  those  which  contain 
the  soft  vowels  and  the  less  pronounced  consonants  ;  and  if  these 
are  not  heard,  others  should  be  tried.  Oscar  Wolf  has  pointed 
out  that  the  vowels  possess  the  greatest  volume  of  sound,  for  they 
are  heard,  at  the  greatest  distance,  while  that  of  consonants  is 
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iniicli  less  in  deg-ree.  AVolfs  investigations  sliow  the  relative 
distances  at  which  the  vowels  and  consonants  can  be  heard  when 
loudly  uttered.  A  (as  in  father)  can  be  heard  at  360  paces ;  O,  at 
-}50  /e.  at  330 ;  U,  at  280  ;  S,  at  175 ;  l\.  at  90  :  F.  at  67  :  T.  at 
03;  B.  at  18;  and  H  aspirate,  only  at  12  paces.  Owing  to  the 
gTeat  (hfferences  in  the  volume  of  sound  possessed  by  the  various 
letters,  different  words  will  be  heard  more  or  less  clearly.  As  a 
general  rule,  whispered  speech  is  the  most  suitable  for  testing  the 
hearing;  it  is  more  likely  to  be  uniform,  and  the  difference 
between  the  sound  of  consonants  and  that  of  vowels  is  con- 
siderably reduced  as  compared  with  loud  speech.  It  is  not 
infrequently  noticed  that  deaf  people  hear  a  moderately  loud 
voice  better  than  a  reri/  loud  one ;  and  this  difference,  according  to 
Wolf,  is  due  to  the  fact  that  in  loud  speech  the  sound  of  the 
vowels  alone  is  intensified,  Avhile  that  of  the  consonants,  which 
cannot  be  made  much  stronger,  is  quite  drowned.  The  average 
hearing  distance  for  whispered  speech  is  about  twenty-hve  yards. 

"When  one  ear  is  normal,  it  is  difficult  to  gauge  the  amount  of 
deafness,  as  even  after  the  meatus  is  closed  sound-waves  are  con- 
<lucted  throuoh  the  bones  to  the  healthv  oro-an.  In  order  to 
determine  by  which  ear  the  sound  is  perceived,  it  is  well  to  close, 
not  only  tlie  one  supposed  to  be  normal,  but  the  other  which  is 
being  examined.  If  the  sound  be  still  perceived  with  the  same 
amormt  of  distinctness,  it  may  be  assumed  that  it  has  been  heard 
by  the  normal  ear  ;  but  if  a  difference  be  noticed,  it  is  clear  that 
the  test  has  been  applied  to  the  affected  organ. 

The  tuning-fork  is  also  used  as  a  test  of  the  hearing  power ; 
but,  as  will  shortly  be  described,  this  instrument  constitutes  the 
best  appliance  for  testing  the  perception  of  sonorous  undulations 
conducted  to  the  ear  throuoli  the  cranial  bones,  and  it  is  mainly 
employed  for  this  purpose.  When  used  as  a  test  for  heari/Kj.  the 
tuning-fork  is  caused  to  vibrate  by  striking  it  on  the  left  hand  or 
arm.  or  side  of  the  knee  ;  it  is  then  held  at  varying  distances  from 
the  ear.  The  tuning-fork  generally  used  yields  256  double  vibra- 
tions per  second,  and  corresponds  with  tlie  middle  C.  In  testing 
the  perceptive  capacity  for  lower  and  higher  notes,  it  is  necessary 
I  »  use  tuning-forks  of  a  corresponding  pitch.  For  diagnostic 
purposes,  Hartmann  recommends  six  tuning-forks,  corresponding 
with  the  notes  c.  c^.  c'^,  c^,  c^,  and  g*,  respectively.  The  first 
of  these  yields  132,  and  the  last  3168  vibrations  per  second.    It  is 
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desirable  to  ascertain,  not  only  the  distance  at  which  the  tuning- 
fork  can  be  heard,  but  also  the  number  of  seconds  during  which 
its  sound  is  perceived.  Conta*  has  suggested  that  the  handle 
of  the  fork  should  be  connected  with  the  patient's  ear  b}'  means 
of  an  india-rubber  tube,  and  Urbantschitshf  recommends,  as  a 
further  improvement,  that  the  tube  should  be  T  shaped.  One 
l)ranch  is  placed  in  the  ear  of  the  patient,  and  the  other  in  that 
of  the  surgeon,  who  (supposing  that  his  hearing  be  normal)  is 
enabled  to  measure  the  defect  by  noting  the  time  during  which 
he  hears  the  sound  after  it  has  ceased  to  be  audible  by  the  patient. 
If  the  tuning-fork  be  struck  with  great  force,  the  duration  of  the 
vibrations  will  be  somewhat  increased  ;  but  the  difference  in  this 
res]:)ect  is  never  very  great. 

Bone  Conduction  of  Sounds.— Having  determined  the 
perceptive  capacity  for  sounds  conducted  by  the  atmosphere  to 
the  membrana  t^'uipani.  and  thence  to  the  labyrinth,  the  degree 
in  which  sounds  are  transmitted  through  the  cranial  bones  to  the 
organ  of  hearing  is  the  next  subject  for  investigation.  The 
instruments  employed  for  testing  this  latter  channel  of  conduction 
are  the  tuning-forl',  the  u-atch,  and  the  acoumeter.  When  vib rating- 
bodies  are  placed  in  contact  with  the  bones  of  the  cranium,  the 
vibrations  reach  the  labyrinth  by  two  routes — viz.,  by  direct  con- 
duction by  the  solid  parts,  and  by  transmission  through  the  bones 
of  the  head  to  the  membrana  tympani  and  ossicles,  and  thence  to 
the  sentient  structures  of  the  internal  ear.  Conduction  through 
the  bones  is,  however,  far  less  effective  than  conduction  by  the 
atmosphere  to  the  external  auditory  meatus.  If  a  vibrating 
tuning-fork  be  kept  on  the  vertex  until  its  sound  is  no  longer 
heard,  its  tone  again  becomes  audible  when  it  is  brought  near 
the  ear. 

The  tuning-fork  is  the  most  convenient  and  important  instru- 
ment for  testing  the  conduction  of  sound  through  the  bones  of  the 
head.  AVeber's  experiment  is  utilised  for  purposes  of  diagnosis. 
AMien  a  vibrating  tuning-fork  is  placed  on  the  vertex,  or  in 
contact  with  the  middle  incisors,  and  the  meatus  on  one  side  is 
closed  with  the  finger,  the  sound  is  perceived  with  exaggerated 
intensity  by  the  occluded  ear  ;  if  both  openings  are  closed,  there 
is  an  increase  of  sound  in  both  ears.     A  similar  exao-o-eration  of 

Co 

*  Arch.f.  Ohr.,  Bd.  I.,  S.  107. 

t  Lehrhuch  der  Ohraihcllkunde,  S.  37. 


]]()XK   COXDITTIOX   OF  SOUND.  91 

intensity  is  fonnd  to  exist  in  affections  involving  one  ear,  and 
interfering  with  the  conduction  of  sound  to  the  labyrinth.  Such 
interference  may  be  due  to  disorder  situated  either  in  the  external 
or  middle  ear.  and  exaggerated  intensity  will  be  noticed  in  both 
cases,  provided  that  the  sentient  apparatus  be  in  a  normal  con- 
dition. If  disease  exist  in  the  sound-conducting  apparatus  on 
both  sides,  but  in  unecpial  degrees,  the  exaggeration  will  in  most 
cases  be  especially  pronounced  in  the  more  seriously  affected  ear. 
On  the  other  hand,  in  partial  deafness  due  to  affections  of  the 
auditory  nerve,  supposing  that  the  sound-conducting  apparatus  be 
not  implicated,  a  tuning-fork  placed  between  the  incisor  teeth  or 
on  the  vertex  will  be  best  heard  by  the  non-affected  ear. 

In  testing  bone  conduction,  it  is  well  to  be  provided  with 
tuning-forks  of  various  forms  and  sizes,  and  with  corresponding 
differences  in  the  intensity  and  pitch  of  the  notes.  Large  tuning- 
forks,  yielding  middle  and  low  notes,  are  the  most  useful  ;  but 
it  is  also  necessar}'  to  test  the  perception  of  high  notes. 
Of  those  recommended  b}'  Hartmann,  three  are  mentioned  by 
Politzer  as  sufficient  for  all  practical  purposes.  These  yield  the 
notes  c  (128  vibrations),  c-  (512),  and  c*  (2,048)  respectively. 
When  a  tuning-fork  is  caused  to  sound,  over-tones  are  heard  in 
addition  to  the  fundamental  note.  High  over-tones  are  discordant 
with  each  other,  but  are  continuous  and  of  equal  intensitv'  with 
the  primary  note.  Hence  it  is  that  some  confusion  may  arise  in 
using  the  tuning-fork  as  a  test  for  hearing  if,  as  sometimes 
happens,  the  note  be  perceived  by  one  ear  and  the  over-tones  by 
the  other.  To  remove  this  source  of  error,  Politzer  recommends 
that  each  prong  of  the  fork  should  be  furnished  with  a  movable 
l)rass  clamp,  capable  of  being  tightly  fixed  by  means  of  a  acvew. 
These  clamps  prevent,  to  a  great  extent,  the  addition  of  over-tones, 
and  they  have  also  another  effect — viz.,  that  of  lowering  the  funda- 
mental note.  By  moving  the  clamps  the  pitch  of  the  note  is 
changed ;  it  becomes  higher  when  they  are  moved  gradually 
downwards,  and  lower  when  they  are  pushed  upwards.  The 
degree  of  difference  in  the  pitch  is  also  influenced  by  the 
weight  of  the  clamps  ;  the  highest  note  is  the  fundamental  sound 
of  the  tuning-fork,  the  lowest  depends  upon  the  weight  of  the 
clamps,  as  well  as  upon  their  position.  Politzer  *  now  recom- 
mends tuning-forks  without  clamps,  but  ''  having  the  prongs  filed 
*  Translation  of  Third  Edition,  p.  132. 
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<lown  near  the  place  where  they  bend  thinner  than  at  their 
extremity.  In  tliese  tuning-forks,  when  struck  on  some  soft 
substance,  tliere  are  no  over-tones  perceptible." 

In  using  the  tuning-fork  for  testing  bone  conduction,  the  instru- 
ment is  struck  again>t  the  hand  or  side  of  the  knee,  and  the  end 
of  its  handle  is  then  applied  to  the  vertex,  or  placed  between  the 
middle  incisor  teeth  in  the  upper  jaw.  In  a  case  of  one-sided 
deafness,  the  discovery  that  the  note  is  more  distinctly  heard  on 
the  affected  side  shows  that  the  impairment  is  due  to  some  impedi- 
ment to  the  conduction  of  sound  through  the  meatus.  If  the 
sound  be  more  clearly  heard  by  the  normal  ear,  or  on  the  least 
affected  side  in  bilateral  deafness,  the  diao-nosis  cannot  be  made  with 
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an  equal  degree  of  certainty,  for  there  may  be  either  some  affection 
of  the  middle  ear.  or  some  disorder  of  the  labyrinth.  If  the  func- 
tions of  both  auditory  nerves  are  impaired,  the  tuning-fork  on  the 
vertex  will  be  heard  less  distinctly  in  both  ears,  and  in  severe 
lesions  will  not  be  heard  at  all.  When  the  perceptive  capacity  of 
the  nerve  on  each  side  is  the  object  to  be  determined,  the  tuning- 
fork  should  be  applied  to  the  temple  or  to  the  mastoid  process, 
and  the  surgeon  may  estimate  the  patient's  hearing-power  by 
comparing  it  with  his  own.  assuming  that  his  auditory  nerves  are 
in  a  normal  state.  The  usual  plan  is  that  the  surgeon  transfers  the 
tuning-fork  to  his  own  mastoid  process  immediately  the  patient 
signifies  that  he  fails  to  hear  the  sound.     If  it  be  still  perceived  by 
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the  surgeon,  it  may  be  inferred  that  the  auditory  nerve  of  tlie 
])atient  is  not  in  a  normal  condition.  vSome  few  seconds  are.  how- 
ever, lost  in  transferrino-  the  instrument,  and  in  order  to  obtain  a 
more  exact  comparison,  the  author  has  for  some  years  used  a 
tuning-fork  (Fig.  33)  with  a  small  projection  attached  to  its  stem, 
to  whicli  is  fixed  a  piece  of  india-rubber  tubing  about  two  feet  in 
length,  having  an  ivory  ear})iece  at  its  other  end.  By  placing  the 
ear-piece  in  his  own  ear,  and  the  handle  of  the  instrument  to  the 
mastoid  process  of  the  patient,  the  number  of  seconds  during 
which  vibrations  can  be  heard  after  the  patient  has  ceased  to  hear 
them,  may  be  taken  to  in(bcate  the  degree  of  his  bone  conduction 
l^elow  the  normal  standard.  An  hyper?esthetic  condition  of  the 
auditory  nerve  can  also  be  detected  by  this  means. 

Application  of  Rinne's  Test,  Positive  and  Negative  Results.— 
Ivefcrence  has  l)cen  already  made  to  another  experiment  devised 
by  l\inne.  in  1855.  and  utilised  for  purposes  of  diagnosis.  He 
found  that  if  a  vil)rating  tuning-fork  were  held  against  the  incisor 
teeth  until  its  sound  was  no  longer  heard,  it  again  became  audil^le 
when  the  instrument  was  placed  near  the  external  meatus. 
Conduction  through  the  latter  is  therefore  more  complete  and 
effective  than  throuo-h  the  bones  of  the  head.     When  in  any  2■i^'en 
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case  the  result  is  as  above  described — that  is,  when  the  tunina- 
fork  is  heard  near  the  ear  after  it  has  ceased  to  be  perceived 
through  the  bones — the  test  is  said  to  be  "  positive."  When, 
however,  the  note  is  heard  more  distincth'  and  for  a  lono-er  time 
through  the  cranial  bones,  the  result  is  described  as  "  negative  " 
in  character.  This  experiment  offers  a  means  of  distinguishing 
between  affections  of  the  middle  ear  and  disorders  of  the  auditory 
nerve ;  but  in  order  that  a  true  inference  may  be  dra^^'n.  it 
requires  to  be  considered  in  connection  with  the  degree  of  deafness 
as  regards  speech  and  with  altered  perceptive  capacity  for  warious 
notes. 

According  to  Politzer,  Rinne's  test  is  of  especial  diagnostic 
value  in  cases  of  chronic  middle-ear  disorders,  the  nature  of  which 
cannot  be  clearly  determined  by  other  means.  In  such  cases  a 
••  negative  "  result  may  be  taken  as  indicative  of  some  obstacle  to 
sound-conduction,  and  the  longer  the  tuning-fork  can  be  heard 
through  the  bones  as  compared  with  aerial  conduction  tlie  greater 
the  probability  that  the  diagnosis  is  cori-ect.  If  the  hearing-power 
be   much   impaired   and    Rinne's    test    give  a  "  positive "    result. 
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disorder  of  the  nerve  may  be  assumed  to  exist,  but  only  when 
other  symptoms  and  tlie  history  of  the  case  point  in  the  same 
direction.  In  employing  this  test,  the  vibrating-  tuning-fork 
should  first  be  placed  on  the  mastoid  process,  and  subsequently  in 
front  of  the  ear  ;  the  difference  in  favour  of  aerial  conduction 
should  be  noted  in  seconds.  In  the  negative  test  the  procedure  is 
reversed,  the  foi'k  is  held  in  front  of  the  ear  till  no  longer  audible, 
and  then  placed  on  the  mastoid  process. 

Gruber's  Modification. — Gruber*  has  suggested  the  following- 
modification  of  Rinne's  test.  After  the  sound  of  a  vibrating 
tuning-fork  held  in  front  of  the  meatus  has  ceased  to  be  heard,  the 
forefinger  of  the  other  hand  is  placed  in  the  opening,  and  the 
handle  of  the  fork  brought  into  contact  with  it.  The  sound  will 
again  be  perceived,  and  will  continue  for  some  little  time.  The 
explanation  as  given  by  Gruber  is  that  by  closure  of  the 
meatus  a  column  of  air  is  formed  therein,  and  strengthens  the 
^ound.  which  again  becomes  audible.  It  is  also  possible  that  the 
altered  conditions  of  tension  and  pressure  in  the  middle  and 
internal  ear  may  contribute  towards  the  result,  and  also  that  those 
^sonorous  vibrations  which  were  previously  lost  by  dispersion  are 
more  effectively  conducted  to  the  cranial  bones  and  the  sentient 
apparatus.  The  test  is  applied  as  above  described,  and  the  surgeon 
inquires  whether  the  sound  is  again  heard,  and  notes  the  duration 
of  the  sensation. 

Gelle's  Method. — Gellef  has  recently  proposed  a  method  for 
distinguishing  between  labyrinthine  and  middle-ear  affections. 
He  places  a  vibrating  tuning-fork  in  contact  with  the  skull,  and 
then  condenses  the  air  in  the  external  meatus.  Under  normal 
conditions  there  is  a  decided  diminution  in  the  intensity  of  the 
sound  ;  but  if  there  be  any  obstacle  to  conduction — e.f/.,  anchylosis 
of  the  stapes — no  alteration  is  perceived.  On  the  other  hand,  if 
there  be  disease  of  the  labyrinth  and  free  movement  of  the  stapes, 
the  sound  will  be  diminished  with  each  condensation  of  the  air. 
mid  the  patient  will  complain  of  noises  in  the  ears  and  especially 
of  P'iddiness.  The  air  is  condensed  bv  means  of  an  india-rubber 
hag  with  an  attached  tube,  the  end  of  which  is  passed  into  the 
meatus.  The  tube  is  furnished  with  a  manometer  for  regulating 
the  pressure.     Politzer  states  that  Gelle  s  test  is  of  little  value  in 
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sliglit  deafness,  as  in  slight  middle-ear  affections  and  in  those  of 
the  labyrinth  the  sound  of  the  tuning-fork  is  lessened  when  air  is 
condensed  in  the  external  meatus.  Gelle's  test  very  often  asTees 
with  the  result  of  Rinne's  experiments.  Politzer  admits,  how- 
eyer.  that  the  former  test  sometimes  yields  a  positiye  result  when 
other  tuning-fork  tests  giye  no  certain  indications,  and  that  this 
adyantage  is  occasionally  recognised  in  seyere  grades  of  deafness. 

A  watch  haying  a  somewhat  weak  tick  is  the  most  suitable  for 
testing  bone  conduction ;  it  may  be  applied  either  to  the  temple, 
to  the  malar  bone,  or  to  the  mastoid  process,  the  meatus  on  the 
side  tested  beino-  closed  with  the  lino-er.  At  first,  the  watch 
should  be  lightly,  and  afterwards  firmly,  pressed  against  the  skull. 
If  the  result  in  one  place  proye  to  be  negative,  others  should  be 
tried  before  deciding  that  the  auditory  nerye  cannot  be  thus 
affected.  If  the  ticks  be  not  heard,  some  impairment  of  perceptiye 
power  may  be  inferred  to  exist,  and  the  acoumeter  should  then  be 
used.  A  negatiye  result  indicates  the  existence  of  graye  lesion  of 
the  sentient  apparatus. 

It  must  be  remembered  that,  as  age  advances,  vibrations  pro- 
duced by  instruments  in  contact  with  the  cranial  bones  are  less 
distinctly  heard ;  in  persons  over  fifty  years  of  age  it  not  infre- 
((uently  happens  that  while  the  tick  of  a  watch  held  opposite 
the  ear  is  clearly  perceived,  bone  conduction  is  either  defective  or 
altogether  absent.  In  such  cases,  the  symptom  has  not  the  same 
significance  as  it  possesses  in  younger  subjects. 
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KXAMIXATIOX   OF   THE   NOSE,    PIIAliYXX,    AXI)   EUSTACIirAX 

TUBES. 

Frequent  J)epcndence  of  Diseases  of  Middle  Ear  upon  Morbid  Processes  in 
Pharynx  and  Xares^Importance  of  Examining  these  parts  and 
Eustachian  Tube  —  Pequisites  for  Anterior  Pthinoscopy  —  Parts 
Visible — Examination  of  Mouth,  Fauces,  and  Lower  Part  of  Pharynx 
— Parts  Seen — Posterior  Rhinoscopy — Parts  brought  into  ^'ie^v — 
Pharyngeal  Openings  of  the  F]ustachian  Tubes — Digital  Examina- 
tion of  the  X'^aso-Pharynx — Structures  Distinguishable— Examina- 
tion of  the  Eustachian  Tubes — Tests  of  their  Permeability — Valsalva's 
Method— Politzer's  Method— Description  of  Details — Modifications 
suggested  by  Lucae  and  Gruber — Piesults  of  Passage  of  Air  into 
Tympanum — Use  of  Manometer — Use  of  Auscultation  Tube— Pre- 
cautions in  Employing  Politzer's  Method — Occasional  Unpleasant 
Symptoms — Effect  Produced  by  Politzer's  Method— The  Eustachian 
Catheter,  Forms  and  Description  of  the  Instrument — A'ulcanite  and 
Silver  Catheters — Bag  for  Injecting  Air— Employment  of  the 
Auscultation  Tube — Introduction  of  the  Eustachian  Catheter — 
Modes  of  Overcoming  Diflficulties — Use  of  Air-Bag — Other  Methods 
of  Introducing  Catheter — Plans  Recommended  by  Frank  and  Gruber 
— Indications  that  the  Catheter  is  in  Proper  Position — Injection  of 
Air— Obstacles  to  the  Introduction  of  the  Eustachian  Catheter — 
Methods  of  Dealing  with  them — Emphysema  sometimes  Produced 
— Sounds  Produced  during  Injection  of  Air — Causes  of  Absence  of 
Sounds — -Action  of  Stream  of  Compressed  Air  upon  the  Eustachian 
Tube  and  Tympanum — Removal  of  Exudation — Improvement  of 
Hearing-Power  -  Action  in  Cases  of  Perforation  of  the  Membrane 
—Comparative  Value  of  the  Various  Methods  of  Inflating  the 
Tympanum — Passage  of  Bougies  along  the  Eustachian  Tube. 

Diseases  of  the  middle  ear  are  often  due  to  extension  of  morbid 
processes  from  the  pharynx  and  nares,  and  once  set  up  are  liable 
to  be  much  iniiuenced  by  the  course  of  the  original  disorder. 
Inflammation  of  the  naso-pharyngeal  mucous  membrane  is  a 
potent  and  common  cause  of  acute  and  chronic  catarrhs  of  the 
tympanuui.  and  in  treating  cases  of  these  disorders,  remedies  are 
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generally  required  for  the  condition  of  the  throat  and  nose.  The 
necessity  for  examining  these  parts  is  therefore  obvious.  The 
Eustachian  tube  discharges  an  important  function  in  connection 
Avith  the  middle  ear,  and  it  likewise  furnishes  a  channel  through 
\vhich  remedies  can  be  applied  to  that  part.  The  condition  of  the 
tympanum  is  greatly  influenced  by  that  of  the  tube,  and  hence 
careful  examination  of  the  latter  structure  is  indispensable  ■  for 
purposes  of  diagnosis. 

Examination  of  the  Nasal  Passages. — The  nasal  passages 

admit  of  examination  from  the  front  (anterior  rhinoscopy)  and  from 
the  pharynx  (posterior  rhinoscopy).  The  requisites  for  anterior 
rhinoscopy  are  a  good  light,  either  natural  or  artificial,  a  concave 
reflector  with  head-band,  and  specula  of  various  forms.  A  double- 
bladed  speculum  is  the  most  conA'enient  instrument  (Figs.  34  and 
35).  and  with  its  aid  in  favourable  cases  it  is  possible  to  inspect  a 


Fig.  34. 

Mincastkr's  Nasal  Spkcullm. 


Fig.  35. 

Thudichi'm's  Nasal  Speculum. 


large  portion  of  the  nasal  passages.  The  parts  which  can  thus  be 
brought  into  view  are  the  septum  and  the  anterior  extremities  of 
tlie  inferior  and  middle  turbinate  bodies,  the  lower  borders  of 
AN'hich  can  be  traced  backwards  for  some  distance.  When  the 
patient's  head  is  inclined  forwards,  the  floor  of  the  nares  and 
the  inferior  meatus  are  exposed,  and  by  bending  the  head  in 
the  opposite  direction,  the  middle  turbinate  bone  and  sometimes 
the  roof  of  the  nose  can  be  seen."  When  the  parts  are  much 
swollen,  the  space  between  the  turbinate  bones  and  the  septum 
may  be  reduced  to  a  mere  chink,  and  in  such  cases  it  is  necessary 
to  press  back  the  swollen  tissue  b}^  means  of  a  probe  or  small 
spatula.  The  application  for  a  few  minutes  of  a  5  per  cent,  solu- 
tion of  cocaine  will  cause  the  swelling  to  diminish. 

The  width  of  the  nasal  passages  varies  considerably  in  different 
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cases ;  under  favourable  circumstances,  and  with  the  aid  of  a 
suitable  speculum,  some  portion  of  the  naso-pharynx  can  be  seen 
from  the  anterior  nares.  Zaufal's  nose- specula  consist  of  cylin- 
drical silver  tubes,  -^^ — J-j  of  an  inch  in  diameter,  and  4  to 
5  inches  in  length,  and  having  a  funnel-shaped  anterior  extremity. 
Through  these  specula  remedies  may  be  applied  to  the  posterior 
wall  of  the  pharynx  and  the  mouths  of  the  Eustachian  tubes,  but 
they  are  very  seldom  required,  and  their  introduction  is  apt  to 
cause  pain  and  some  amount  of  haemorrhage,  and  the  area  exposed 
to  view  is  very  limited. 

The  Posterior  Nares. — The  examination  of  the  posterior  nares 
is  accomplished  by  means  of  a  small  laryngeal  mirror  (the  same 
that  is  used  for  the  larynx),  and  a  mirror  for  reflecting  the  light 
into  the  throat.  But  before  examining  the  naso-pharynx  and 
posterior  nares,  it  is  well  to  notice  the  condition  of  the  mouth  and 
fauces  and  lower  part  of  the  pharynx. 

The  Pharynx. — The  pharynx  can  be  examined  either  by  direct 
light,  i.e..  by  turning  the  patient's  face  towards  a  window,  or  by 
placing  him  with  his  back  to  the  light  and  using  a  concave 
reflector.  The  latter  is  always  necessary  whenever  artificial  light 
is  employed.  The  tongue  is  kept  against  the  floor  of  the  mouth 
by  means  of  a  depressor  or  the  handle  of  a  laryngeal  mirror.  In 
order  to  gain  as  complete  a  view  as  possible  of  the  back  of  the 
pharynx,  the  patient  should  be  directed  to  take  a  full  inspiration 
or  to  pronounce  the  letter  A  (as  '*  ah  ").  The  parts  that  come 
into  view  are,  the  concave  under-surface  of  the  velum,  the  uvula, 
the  anterior  and  posterior  pillars  of  the  fauces,  with  the  tonsil 
between  them,  on  each  side,  and  a  portion  of  the  posterior  wall 
of  the  pharynx.  Various  alterations,  more  or  less  intimately 
connected  with  the  condition  of  the  tympanum,  are  often  found 
in  one  or  other  of  these  parts.  Enlargement  of  the  tonsils  is 
very  common  in  children  ;  adenoid  growths  from  the  naso-pharynx 
sometimes  come  into  view,  while  granular  pharyngitis  is  often 
present  in  cases  of  catarrhal  inflammation  of  the  middle  ear. 
Absence  of  disease  in  the  lower  part  of  the  pharynx  does  not 
justify  the  conclusion  that  the  naso-pharynx  is  also  in  a  normal 
state.  The  state  of  the  teeth  should  be  carefully  noticed  :  severe 
otalgia  is  sometimes  due  to  dental  caries.  The  condition  of  the 
tonsils  is  a  point  of  special  importance ;  if  these  organs  are 
enlarged  in  an  upward  direction,  they  are  apt  to  keep  the  soft 
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palate  in  a  state  of  tension  and  to  obstruct  the  action  of  tlie 
muscles  connected  with  the  Eustachian  tube.  In  some  patients 
it  is  difficult  to  depress  the  tongue  sufficiently  to  allow  the  pharynx 
to  be  seen.  Either  retching  is  provoked  immediately  the  spatula 
touches  the  surface,  or  the  tongue  bulges  up  against  the  hard 
palate.  In  some  of  these  cases  it  will  be  found  that  the  handle 
of  the  laryngeal  mirror,  used  as  a  depressor,  will  meet  with  far  less 
resistance,  and  will  accomplish  all  that  is  necessary  ;  but  should 
this  metliod  fail,  a  view  can  generally  be  obtained  by  spraying 
the  tongue  and  soft  palate  with  a  2  to  5  per  cent,  solution  of 
cocaine  before  an  attempt  is  made  to  depress  the  tongue. 

Posterior  Rhinoscopy. — Posterior  rhinoscopy  is  effected  in  the 


Pig.  36. 

Fraexkel's  Toxgle-Dei'kk^sor. 

following  manner.  The  patient  is  placed  in  the  ordinary  position 
for  laryngoscopy,  but  his  head  should  be  somewhat  higher  than 
that  of  the  suro'eon.  and  inclined  slio-htlv  forwards.  He  is  then 
told  to  open  his  mouth  as  widely  as  possible,  and  continue  to 
breathe  naturally.  A  mirror  of  small  size  is  passed  below,  and 
partly  behind  the  soft  palate,  and  as  far  back  as  possible  into  the 
pharynx.  In  some  cases,  a  better  view  is  obtained  if  the  handle 
of  the  mirror  is  slightly  curved  to  fit  the  floor  of  the  mouth. 

Some  forui  of  tongue-depressor  is  occasionally  necessary,  and 
the  shape  of  that  devised  by  Fraenkel  (Fig.  36)  is  the  most 
convenient  ;  but  in  some  patients  the  tongue  can  be  kept  out  of 
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the  way  witli  tlie  liaiulle  of  the  mirror.  Although  the  shape  of 
Fraenkel's  tongue-depressor  is  convenient,  I  consider  that  the 
fenestration  and  transverse  grooves  are  not  onh'  unnecessary,  but 
are.  moreover,  liable  to  retain  impurities.  I  use  a  tongue-depressor 
(Fig.  37)  which  has  been  made  for  me  by  Messrs.  Mayer  &: 
^feltzer.  of  the  same  shape  as  Fraenkel's.  but  without  the  per- 
foration and  grooves.  In  passing  tlie  mirror  backwards  care 
must  be  taken  to  avoid  touching  the  palate,  base  of  tongue,  or 
back  of  pharynx,  other^vise  the  patient  will  scarcely  be  able  to 
prevent  retching.  When  it  has  reached  the  naso-pharj-nx,  the 
mirror  should  be  so  held  that  its  svirface  looks  upwards  and 
forwards.     In  some  cases  a  better  view  can  be  obtained  with  a 


Fig.  37. 
Toxgue-Dkpressor  rsF.D  BY  Author. 


Michael's  mirror  (Fig.  38).  Avhich  is  fitted  with  a  movable  reflect- 
ing surface,  than  with  an  ordinary  laryngeal  mirror.  When  the 
soft  palate  and  posterior  wall  of  the  pharynx  are  separated  by  only 
a  narrow  space,  it  may  be  necessary  to  hold  the  former  forward  by 
means  of  a  palate-hook.  Some  patients  allow  this  to  be  done 
without  the  previous  use  of  a  local  anaesthetic  ;  but.  in  many 
cases,  a  satisfactory  view  cannot  be  obtained  until  a  2  to  5  per 
cent,  solution  of  cocaine  has  been  applied  to  the  posterior  surface 
of  the  soft  palate  by  means  of  a  brush  fixed  to  a  handle  with  a 
short  rectangular  curve,  or  a  piece  of  absorbent  cotton-wool  fixed 
to  a  holder  bent  in  a  similar  manner. 
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The  palate  tractors  in  most  general  use  are  \'oltolini's  (Fig. 
39),  and  a  simple  loop  of  stout  wire  curved  upwards  at  the  end. 


Fig.  38. 

MiCHAKLS  MiKKOR. 


Fig.  39. 

VoLTOLixi's  Palate  Tractor. 


Fkx.  40. 
White's  Self-1{ktaixi>(4  Palatic  Tractor. 


Fig.  41. 

HOPMAX^"S   SKLF-RhTAI.MNif   PaI.ATK  TrACTOR. 


I  generally  use   the  latter,  as   it   is   lighter  than  the  former,  and 
serves  very  well  the  purpose  for  which  it  is  intended. 
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When  tlie  throat  is  irritable,  the  tonsils  large,  and  the  space 
narrow  between  the  soft  palate  and  posterior  wall  of  the  pharynx, 
it  is  sometimes  difficult  to  obtain  a  good  view  of  the  naso-pharynx 
and  posterior  part  of  the  nostrils. 

In  all  cases  the  patient  should  be  told  to  expire  slowl}^  through 
the  nose  whilst  the  examination  is  being  made.  In  order  to  lessen 
the  sensitiveness  of  the  parts,  a  few  minutes  before  the  exami- 
nation is  made,  a  2  to  5  per  cent,  solution  of  cocaine  may  be 
applied  by  means  of  a  brush  or  spray  producer  to  the  velum, 
pharynx,  and  fauces. 

Parts  seen  in  Posterior  Rhinoscopy. — The  parts  brought  into 
view  in  posterior  rhinoscopy  are  the  elliptical  choanse,  with  the 
septum  between  them,  the  extremities  of  the  turbinate  bodies, 
the  Eustachian  orifice,  and  Rosenmiiller's  fossa  on  each  side, 
the  pharyngeal  tonsil,  and  the  upper  surface  of  the  palate.  It 
is  necessary  to  turn  the  mirror  in  various  directions  and  to  place 
it  at  different  angles,  in  order  to  gain  successive  views  of  the 
various  structures,  only  a  portion  of  which  are  visible  at  the  same 
time.  In  favourable  cases  (i.e.,  when  the  palate  is  at  some  distance 
from  the  wall  of  the  pharjaix),  by  slight  movements  of  the  mirror^ 
the  vault  of  the  naso-pharynx,  the  entire  circumference  of  the 
])Osterior  nares  and  the  posterior  border  of  the  hard  palate  may  be 
brought  into  view.  Within  the  choanae  are  seen  the  turbinated 
bodies  on  each  side,  the  middle  one  being  the  largest  and  the 
most  conspicuous ;  it  is  bluish-red,  or  greyish-blue  in  colour. 
Above  it  is  the  superior  meatus,  at  the  upper  part  of  ^^'hich  the 
suijerior  turbinated  bodi/  can  sometimes  be  made  out.  The  portion 
visible  is  about  as  large  as  a  pea,  and  has  a  yellowish  tint.  The 
middle  meatus,  below  the  middle  turbinate,  exhibits  at  its  lower 
part  the  posterior  extremity  of  the  inferior  turbinated  bodi/,  which 
resembles  in  appearance  an  over-ripe  plum.  It  is  often  only 
partially  visible,  its  lower  half  being  concealed  by  the  palate : 
but  sometimes  it  is  enlarged  to  about  the  size  of  a  raspberry,  in 
^vhich  case  its  posterior  extremity  is  in  close  proximity  to  the 
anterior  lip  of  the  Eustachian  orifice.  In  some  cases,  the  middle 
turbinate  body  impinges  upon  the  septum  and  extends  downwards 
almost  to  the  floor  of  the  nares,  and  touches  the  lower  turbinate. 
The  choanoe  are  about  24  inches  high  and  4  inch  across ;  the}'  are 
separated  from  each  other  by  a  thin  vertical  median  septal  mem- 
brane, prolonged  backwards  from  the  posterior  edge  of  the  vomer. 
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Seen  in  the  mirror,  the  septum  appears  as  a  sharply-defined  ridge, 
of  a  pink  colour  and  narrower  in  the  middle  than  at  either 
extremity.  It  must  be  remembered  that  the  nasal  septum  not 
infrequently  deviates  to  one  side.  In  young  subjects,  the  upper 
and  back  part  of  the  pharynx,  from  side  to  side,  presents  a  large 
mass  of  lymphoid  tissue,  constituting  the  j^haryngeal  tonsil.  This 
structure  is  not  distinctly  circumscribed ;  it  occupies  the  space 
behind  and  between  the  Eustachian  tubes  on  each  side,  and 
extends  to  the  roof  of  the  cavity  as  far  as  the  choanas  (Macalister). 
Its  tissue  resembles  that  of  the  faucial  tonsils ;  in  adult  subjects, 
it  is  often  unrecognizable.  In  the  middle  of  the  naso-pharyngeal 
vault,  the  mucous  membrane  sometimes  presents  an  irregular, 
flask-like  pit,  the  bursa  pharyngea,  "  whose  opening  is  usually 
narrow  and  directed  downwards  and  forwards,  its  wider  fundus 
pointing  upwards  towards  the  basi-cranial  foramen.  It  is  a 
pouch  of  mucous  membrane  which  occupies  the  site  of  the  con- 
tinuation upwards  of  the  pharyngeal  tube,  pinched  off  by  the 
in-growth  of  the  para-chordal  cartilages,  and  thereby  separated 
from  the  pituitary  bod}^  above."  According  to  some  authorities, 
the  existence  of  this  structure  is  due  to  pathological  changes  in 
the  pharyngeal  tonsil. 

The  Pharyngeal  Openings  of  the  Eustachian  Tubes  and  the 
adjacent  parts  can  be  seen  on  careful  examination  with  an 
ordinary  laryngeal  mirror.  The  position  of  the  parts  seen  is  of 
course  changed ;  the  cartilaginous  swelling  which  forms  the 
posterior  lip  of  the  orifice  appears  in  front  in  the  mirror,  while 
the  anterior  lip  is  seen  behind  it,  or  farther  from  the  eye.  The 
long  diameter  of  the  opening,  when  it  can  be  seen  in  the  mirror, 
is  directed  from  above  downwards  and  forwards.  The  depression, 
called  Rosenmiiller's  fossa,  which  is  situated  behind  the  posterior 
lip,  appears  in  front  of  it  in  the  mirror,  and  is  somewhat  darker 
in  colour  than  the  swelling  which  it  bounds.  This  fossa  can  be 
best  seen  when  the  patient's  head  is  slightly  turned  to  the 
opposite  side.  The  opening  itself  is  in  the  form  of  a  rounded 
triangle  ;  the  mucous  membrane  is  lighter  in  colour  than  that  of 
the  adjacent  wall  of  the  pharynx.  The  posterior  lip  of  the  opening- 
is  yellowish  or  yellowish-red  in  colour.  The  morbid  changes  in 
the  pharyngeal  orifice  to  be  looked  for  in  diseases  of  the  middle  ear 
are  congestion  and  swelling  of  the  lips  and  adjacent  parts,  profuse 
catarrhal   secretion  ;  the  presence  of  adenoid  growths,  ulceration 
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and  contractions,  and  in  the  posterior  part  of  the  nostrils  a  poh^us 
or  enlargement  of  the  posterior  extremity  of  a  turbinated  body. 
In  children  the  roof  of  the  pharynx  is  a  frequent  seat  of  adenoid 
growths,  which,  as  will  be  shown  in  a  subsequent  chapter,  are 
often  associated  with  diseases  of  the  ear. 

Digital  examination  of  the  naso-pharynx  enables  the  surgeon 


J  nut.si^e. 
Fig.  42. 

The  Author's  Fixuer-Glard. 

to  ascertain  the  size  and  character  of  morbid  o-rowths  existino-  in 
that  cavity.  It  is  performed  by  passing  the  forefinger  behind  the 
soft  palate.  If  the  right  hand  be  used  the  surgeon  stands  on  that 
side  of  the  patient,  but  if  the  left,  on  the  opposite  side.  The 
surgeon's  finger  should  be  protected  to  prevent  it  from  being  bitten 
by  the  patient,  and  for  this  purpose  the  author  recommends  a 


Fig.  43. 

The  Author's  Fixger-Guard  i>-  Position. 

piece  of  india-rubber  tubing,  shown  at  Fig.  4-2,  which  has  been 
drawn  upside  down  in  order  to  exhibit  the  piece  removed  from  its 
right  surface  as  the  hand  is  held  in  Fig.  43.  The  guard  should 
be  about  three  inches  in  length  and  not  less  than  one-eighth  of  an 
inch  in  thickness,  with  the  lower  half  of  the  anterior  half-inch  cut 
away  and  a  V-shaped  piece  also  removed  from  the  right  side  to 
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within  lialf  an  inch  of  its  anterior  extremity,  to  allow  the  tubing 
to  be  pulled  over  the  index  finger  until  its  front  edge  is  behind  the 
joint  between  the  proximal  and  iniddle  phalanges.  By  thus 
covering  the  first  phalanx,  the  metacarpo-phalangeal  joint  and  the 
head  of  the  metacarpal  bone,  the  parts  usually  bitten,  are  protected, 
whilst  the  two  front  joints  of  the  finger  are  left  free.  The  patient 
should  be  seated,  and  his  head  steadied  by  the  surgeon's  hand. 
Care  must  be  taken  not  to  press  the  uvula  backwards,  because  it  is 
difhcult  to  get  the  finger  behind  the  soft  palate  wdien  it  is  closely 
applied  to  the  posterior  wall  of  the  pharynx,  and  efforts  at  retching 
are  very  liable  to  be  caused.  The  patient's  head  may  be  moved 
in  various  directions  in  order  to  facilitate  the  examination  of  the 
various  parts,  but  this  is  usually  unnecessar3^  If  the  finger  cannot 
be  easily  passed  into  the  naso-pharynx,  its  tip  should  be  placed 
behind  the  lower  part  of  the  posterior  pillar  of  the  fauces  on  the  side 
on  which  the  surgeon  is  standing,  and  slipped  upwards  in  the 
space  between  it  and  the  posterior  wall  of  the  pharynx.  By  this 
means  it  will  easily  pass  behind  the  soft  palate.  The  structures 
which  can  be  distinguished  by  the  finger  are  the  roof  of  the 
pharynx,  the  mouth  of  the  Eustachian  tube  on  each  side,  the 
projecting  posterior  lip  and  Rosenmliller's  fossa  behind  it ;  the 
posterior  border  of  the  nasal  septum,  the  boundaries  of  the  posterior 
nares,  the  extremities  of  the  middle  and  inferior  turbinate  bones, 
and  the  upper  surface  of  the  velum. 

The  utmost  gentleness  should  alwa^'s  be  used  when  examining 
this  region. 

k  EXAMINATION    OF    THE    EUSTACHIAN    TUBES. 

The  permeability  of  the  Eustachian  tubes  is  the  condition 
pon  which  the  discharge  of  their  functions  depends,  and  it  may 
be  tested  in  three  ways — (1)  Valsalva's  method  of  inflating  the 
middle  ear ;  (2)  Politzer's  method ;  (3)  the  employment  of 
<-atheters  through  which  air  is  forced  into  the  tubes. 

(1.)  Valsalva's  method  of  forcing  air  into  the  tympanum  is 
as  follo\\'s  : — The  patient  takes  a  deep  inspiration,  and  then  makes 
a  forcible  attempt  at  expiration  through  the  nose  with  the  mouth 
shut  and  the  nostrils  firmly  compressed  with  the  fingers.  The  air 
is  thus  forced  upw^ards  from  the  thorax,  and  being  unable  to 
escape  through  the  mouth  or  nose,  some  of  it  passes  through  the 
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pharyngeal  openings  of  tlie  Eustachian  tubes,  and  thence  to  the 
tj'mpana.  The  patient  is  conscious  of"  a  sensation  of  pressure  or 
fulness  in  these  parts,  which,  if  the  tubes  are  healthy,  subsides 
when  saliva  is  swallowed,  and  the  mouths  of  the  tubes  thus 
opened,  but  if  the  tubes  are  obstructed  the  feeling  of  fulness  ma}' 
remain  for  several  miniites.  It  is  best  for  the  surgeon  to  compress 
the  nostrils  himself,  because  b}'  suddenly  relaxing  the  pressure,  he 
can  judge  of  the  amount  of  expiratory  force  which  is  being  used. 
Patients  often  appear  to  be  blowing  hard  through  the  nostrils, 
when  in  reality  they  are  either  not  doing  so  at  all  or  else  only  to  a 
slight  degree,  their  energy  being  entirely  or  principally  expended 
in  merely  distending  their  cheeks.  If  the  membrana  tympani  be 
examined  with  a  speculum  as  the  air  is  thus  forced  into  the  cavitj', 
it  will  be  seen  to  bulge  out  slightly,  especially  at  its  posterior  and 
superior  segment.  The  cone  of  light  is  altered  in  size,  and  may 
entirely  disappear.  On  using  the  auscultation  tube  two  sounds 
are  heard  ;  one  of  these  is  due  to  friction  of  the  air  against  the 
walls  of  the  Eustachian  tube,  while  the  other,  a  short  sound,  is 
produced  by  the  air  striking  against  the  membrana  tympani. 
Care  must  be  taken  not  to  mistake  the  sound  produced  by  the 
contraction  of  the  pharyngeal  muscles  for  that  caused  by  the 
entrance  of  air  into  the  tympanum. 

When  the  mucous  membrane  of  the  tubes  is  much  swollen,  the 
expiratory  pressure  will  be  insufficient  to  force  air  into  the 
tympanum.  When,  the  membrane  is  perforated,  the  method  often 
succeeds,  and  may  be  employed  to  force  secretions  from  the  middle 
ear  :  the  passage  of  air  through  the  perforation  causes  a  hissing 
sound.  Permeabilit}'  of  the  tubes  may  be  inferred  when  positive 
residts  are  obtained  ;  if  no  air  can  be  forced  into  the  tympanum, 
some  obstacle  may  be  presumed  to  exist  either  in  the  tube  or  some 
other  part  of  the  middle  ear. 

In  many  cases  Valsalva's  method  can  be  very  easily  accom- 
plished, and  with  decided  improvement  in  the  hearing-power 
as  a  result.  Too  frequent  repetition  is,  however,  liable  to  cause 
congestion  of  the  head  with  a  similar  condition  of  the  tpnpanum. 
and  a  permanent  alteration  in  the  natural  curves  of  the  membrane, 
consequent  upon  its  having  become  relaxed  from  being  too  often 
stretched  by  forcible  expiration.  Patients  should  therefore  be 
instructed  as  to  the  number  of  times  that  the  method  is  to  be 
practised,  whenever  it  is  prescribed  as  a  part  of  treatment. 
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I  do  not  agree  witli  Koosa,*  where  lie  says,  whilst  speaking  of 
Valsalva's  method  of  inflation,  ''  and  as  a  means  of  diagnosis  it  is, 
in  most  cases,  vastly  inferior  to  the  use  of  the  catheter  or  Politzer  s 
method." 

In  my  opinion,  it  affords  a  means  of  ascertaining  the  degree  of^ 
obstruction  to  the  entrance  of  air  into  the  Eustachian  tubes,  which 
cannot  be  obtained  either  by  the  use  of  a  catheter  or  Politzer's 
inflation,  and.  in  some  cases,  renders  unnecessary  as  a  test  the 
employment  of  either  of  these  methods  of  injecting  air. 

When  the  Eustachian  tubes  are  in  a  normal  condition,  or  when 
their  linino-  membrane  is  not  much  swollen,  air  can  be  forced 
through  them  by  A'alsalva's  method ;  but  when  this  cannot  be 
done  it  is  evident  that  they  are  obstructed  to  more  than  a  slight 
degree.  If  the  patient  begins  by  expiring  gently  and  gradually 
increases  the  force,  the  degree  of  pressure  required  to  send  air 
through  the  tubes  can  be  ascertained,  and  at  the  same  time  by 
placing  an  auscultation  tube  in  each  ear  and  noticing  whether  both 
tubes  open  simultaneously,  knowledge  will  be  gained  as  to  whether 
an  equal  amount  of  obstruction  exists  in  both  tubes,  and  if  not, 
which  is  the  more  affected. 

Neither  a  slight  degree  nor  the  comparative  amount  of 
obstruction  can  be  estimated  by  means  of  a  catheter  or  Politzer's 
inflation,  unless  one  tube  is  blocked  to  a  considerable  extent,  and. 
therefore,  A^alsalva's  method  of  inflation  possesses  advantages- 
which  cannot  be  claimed  for  either  of  the  other  methods. 

(2.)  Politzer's  Method  of  forcing  air  through  the  Eustachian 
tubes,  and  of  thus  rendering  them  permeable,  was  suggested  by 
some  experiments  he  made  as  to  the  fluctuations  in  the  air- 
pressure  in  the  tympanum.  During  the  act  of  swallo-VN^ng,  the 
naso-pharvnx  is  closed  below  by  the  soft  palate  which  comes  inta 
contact  with  the  posterior  wall ;  and  if  air  be  at  the  same  time 
injected  through  one  nostril  and  the  other  be  tightly  closed,  the 
air  in  the  nares  and  naso-pharynx  will  be  more  or  less  condensed, 
and  forced  through  the  Eustachian  tubes  into  the  middle  ear  on  each 
side.  The  mouths  of  the  tubes  are  opened  by  the  act  of  swallowing, 
which  thereby  facilitates  the  passage  of  the  air.  The  instrument 
recommended  by  Politzerf  is  a  pyriform  india-rubber  bag.  capable 
of  holding  ten  to  twelve    ounces,  and   furnished  with  a  slightly 

*  Treatise  on  the  Diseases  of  the  Ear,  6th  Edition,  p.  77. 
t  Lehrbucli  dcr  Ohrenheilhmde,  S.  94. 
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curved  tubular  vulcanite  nozzle.  A  short  piece  of  elastic  india- 
rubber  tubing  may  be  inserted  between  the  nozzle  and  the  bag,  so 
iis  to  prevent  injury  to  the  mucous  membrane  when  the  bag  is 
compressed.  Politzer  now  recommends  the  india-rubber  bag  he 
uses  with  the  Eustachian  catheter,  but  having  a  piece  of  hard 
india-rubber  tubing,  about  1^  inches  long,  adapted  to  the  nozzle. 

The  author  of  the  method  thus  describes  its  details.  The 
patient,  seated  in  a  chair,  takes  a  mouthful  of  water,  which  he 
is  to  swallow  when  directed.  The  surgeon  stands  on  his  right  side, 
and  introduces  the  nozzle  of  the  bag  into  one  nostril,  and  then 
compresses  the  ala3  of  the  nose  closely  around  the  instrument  with 
the  left  thumb  and  forefinger.  The  patient  is  then  told  to  swallow 
the  water,  and  at  the  same  moment  the  surgeon  forcibly  com- 
presses the  bag  with  his  right  hand.  The  aii'  in  the  naso-pharynx 
is  thus  condensed  and  driven  into  both  tympana  ;  at  the  same 
time,  the  closure  effected  by  the  soft  palate  is  forced  open,  and  its 
vibrations  cause  a  dull  gurgling  sound,  which  may  generally,  if 
not  alwaA's,  be  regarded  as  an  indication  of  the  passage  of  air  into 
the  middle  ear.  The  position  of  the  surgeon  should  be  quite  to 
the  side  of  the  patient,  because  children  and  even  adults  do  not 
always  keep  the  mouth  firmly  closed,  and  consequently  water  may 
be  forced  out  of  it.  and  over  the  surgeon's  coat,  unless  he  stands  out 
of  the  way.  With  adult  patients  water  is  often  unnecessary,  the 
act  of  swallowing  being  sufficient.  Lowenberg  has  suggested  that 
the  surgeon  should  compress  the  bag  at  the  moment  the  larynx  is 
seen  to  rise.  In  employing  the  method  in  children's  cases,  the 
instruction  with  regard  to  swallowing  may  be  dispensed  with.  In 
young  subjects  the  capacity  of  the  naso-pharynx  is  small,  and  the 
Eustachian  tubes  are  short,  and  their  mouths  are  easily  rendered 
patent.  During  crying  the  soft  palate  comes  into  contact  with 
the  posterior  wall  of  the  pharynx,  and  thus  facilitates  the  passage 
of  air  into  the  tubes. 

Modifications  of  Politzer's  Method. — Other  modifications  of 
the .  method  of  closing  the  naso-pharynx  have  been  suggested  by 
various  surgeons.  Lucae*  suggests  that  instead  of  swallowing 
water,  the  patient  should  be  instructed  to  pronounce  the  sound 
"  ah,"  and  thus  to  cause  the  soft  palate  to  be  applied  to  the 
posterior  wall.     Gruberf  recommends  that  the  patient  should  be 

*  Virchom's  ArcJiir,  1875,  Bd.  64. 
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directed  to  pronounce  the  syllable  "  hack,"  with  emphasis  on  the 
last  letter.  The  tongue  is  forced  backwards,  and  its  posterior  part 
comes  into  contact  with  the  soft  palate.  Gruber  claims  that  when 
this  s^^llable  is  pronounced  with  emphasis,  the  air  in  the  naso- 
pharynx is  more  or  less  condensed,  and  that  some  passes  into  the 
Eustachian  tubes.  In  employing  this  modification  of  Politzer's 
method,  the  surgeon  compresses  the  bag  as  the  patient  utters  the 
sound,  with  which  he  should  be  made  quite  familiar  before  the 
operation  is  begun. 

Phonation  presents  several  advantages  as  compared  with 
swallowing ;  it  is  more  easily  accomplished,  and  takes  up  less 
time.  The  tubes  are  not  artificially  dilated,  and  less  pressure 
is  exercised  upon  the  structures  of  the  middle  ear.  The  pressure 
can.  however,  be  maintained  for  a  longer  period  than  is  the  case 


Fig.  44. 
The  Althor's  lo-oz.  Aik-Bau  fok  Politzer's  Ixflatiox. 

when  a  mouthful  of  water  is  swallowed.  On  the  other  hand,  the 
original  plan  is  sometimes  successful  when  G ruber's  fails,  and  it 
admits  of  a  greater  degree  of  pressure  being  exercised.  In  many 
cases  the  utterance  of  a  syllable  fails  to  close  the  pharynx,  and  the 
soft  palate  is  forced  downwards  by  the  condensed  air  before  any 
effect  has  been  produced  upon  the  Eustachian  tubes.  In  addition 
to  this,  it  must  be  remembered  that  the  result  of  swallo\\ing,  so 
far  as  the  tubes  are  concerned,  is  different  from  that  of  phonation  ; 
a  degree  of  pressure  which  suffices  to  open  the  tubes  in  Politzer's 
method  may  fail  to  produce  any  effect  when  Gruber's  plan  is 
adopted.  On  the  other  hand,  in  some  cases,  owing  to  peculiar 
formation  of  the  naso-pharyx.  phonation  proves  to  be  the  more 
successful  plan. 

In  the  case  of  children,  Hinton  used  frequently  to  inflate  the 
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tympana  by  blowing  through  a  piece  of  india-rubber  tubing,  one 
end  of  which  was  inserted  in  his  mouth  and  the  other  in  one  of 
the  child's  nostrils. 

The  instrument  which  I  usualh"  employ  for  Politzer's  inflation 
(Fig.  41)  has  a  capacity  of  ten  ounces,  and  is  fitted  with  either  an 
india-rubber  teat  or  Allen's  pads.  (Fig.  45.)  The  length  of  the 
tubing  between  the  bag  and  its  nozzle — about  sixteen  inches — 
-enables  the  surgeon  to  move  his  arm  freely  whilst  compressing 
the  bag,  and  prevents  the  possibility  of  injury  being  caused  by  any 
movement  of  the  surgeon's  hand  being  communicated  to  the 
patient's  nose.  When  Politzer's  method  of  inflation  is  used,  the 
patient  should  always  be  seated,  because  giddiness  is  liable  to  be  pro- 
duced by  the  sudden  increase  of  pressure  of  air  in  the  tympanum. 
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Fig.  4.-). 
Dr.  Pkikr  Allexs  Aik-Pads. 

Results  of  Passage  of  Air  into  Tympanum :   Use  of  Manometer. 

— The  passage  of  air  into  the  tympanum  generally  gives  rise 
to  a  decided  sensation  of  fulness  or  pressure.  The  membrana 
tympani  is  bulged  outwards,  the  change  in  this  respect  being 
more  decided  than  that  which  results  from  Valsalva's  method. 
The  movement  of  the  membrane  can  be  positively  tested  by 
the  insertion  of  an  ear-manometer  into  the  external  meatus. 
This  little  instrument  consists  of  a  small  glass  tube,  one  portion 
of  which  is  straight  and  the  other  (J'^^^^P*^*^^-  The  latter  contains 
a  drop  or  two  of  coloured  fluid,  and  the  straight  piece  is  fitted 
into  an  india-rubber  stopper,  adapted  to  the  size  of  the  meatus. 
When  this  manometer  is  inserted  hermetically  within  the  canal, 
and  Politzer's  method  practised,  the  fluid  rises  in  the  limb  of  the 
tube  with  each  compression  of  the  bag. 
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Use  of  the  Auscultation  Tube. — If  the  auscultation  tube  be 
used,  a  gurgling  sound  will,  of  course,  be  lieard  as  the  water  is 
swallowed ;  but,  besides  this,  the  practised  ear  will  distinguish  the 
friction-sound  of  the  air  passing  through  the  tube,  and  the  short 
sound  caused  by  the  movement  of  the  membrane.  When  perfora- 
tion exists,  a  hissing  noise  may  sometimes  be  heard  with  the 
unaided  ear. 

Precautions  while  Employing  Politzer's  Method. — When  the 
parts  are  in  a  normal  condition,  the  air  will  pass  into  both  tym- 
panic cavities  ^^•ith  an  equal  degree  of  force ;  but  the  existence 
of  an  obstacle  on  one  side  will  render  the  effect  more  marked 
in  the  pervious  tube.  Politzer  recommends  that  in  such  cases, 
and  likewise  in  those  of  unequal  occlusion  of  both  ears,  the 
meatus  on  the  normal  or  on  the  less  affected  side,  as  the  case  ma}' 
be,  should  be  stopped  by  the  finger  while  the  air  is  being  injected. 
A  similar  precaution  must  be  taken  in  cases  of  unilateral  perfora- 
tion of  the  membrane ;  the  meatus  must  be  firmh"  closed  on  that 
side,  so  as  to  prevent  the  air  from  escaping.  Inclination  of  the 
head  to  one  side  facilitates  the  entrance  of  air  into  the  opposite 
tube ;  thus,  if  it  be  wished  to  act  especially  upon  the  left  tube,  the 
head  should  be  inclined  towards  the  right  shoulder. 

The  amount  of  force  to  be  employed  in  injecting  the  air 
varies  in  different  cases,  and  must  be  regulated  by  the  degree  of 
resistance  that  has  to  be  overcome.  A'iolent  injections  are  likely 
to  cause  unpleasant  sensations ;  rupture  of  the  membrana  tympani 
has  ensued  in  some  cases.  By  using  two.  three,  or  four  fingers, 
the  surgeon  can  easily  vary  the  force  with  which  he  compresses 
the  bag.  It  is  well  to  employ  slight  pressure  at  first,  and  to 
increase  it  if  required. 

Occasional  Unpleasant  Effects  of  Politzer's  Method. — It  has 
been  stated  above  that  the  injection  of  air.  as  in  Politzer's 
method,  sometimes  causes  unpleasant  symptoms.  Headache  and 
p'iddiness  are  occasional  results :  attacks  of  faintness  and  a  feelino- 
of  sinking  are  less  common.  Noises  in  the  ears  are  more 
frequently  produced,  and  this  symptom  may  last  for  some  time. 
If  much  force  be  used,  air  may  pass  into  the  oesophagus,  and 
cause  nausea  and  various  uncomfortable  sensations  in  the 
stomach.  These  will  rapidly  pass  off  if  the  patient  takes  a  few 
deep  inspirations.  Rupture  of  the  membrana  tympani  is  a  very 
rare  accident ;  the  injection  of  air  through   a  catheter,  as  well  as 
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b}'  Valsalva's  method,  has  also  been  known  to  produce  it.  In 
cases  in  which  the  accident  has  occurred,  there  has  generally 
l^een  some  morbid  condition  of  the  membrane ;  such  as  atrophy 
or  a  cicatrix,  or  calcareous  deposits.  Under  such  circumstances, 
a  slight  rupture  of  the  membrane  is  not  likely  to  be  attended  with 
any  untoward  results  ;  on  the  contrary,  some  improvement  in 
hearing-power  is  generall}^  experienced.  When  a  morbid  con- 
dition of  the  membrane  is  known  to  exist,  rupture  may  be 
prevented  by  closing  the  meatus  with  the  finger  when  the  air 
is  injected.  Politzer  states  that  a  force  of  three  to  four  atmo- 
spheres is  required  to  rupture  a  normal  tympanic  membrane ;  the 
pressure  employed  when  his  method  is  practised  rarely  exceeds 
half  an  atmosphere. 

General  Results  of  Politzer's  Method. — The  effect  produced 
by  injecting  air  by  Politzer's  method  varies  with  the  nature 
of  the  lesion.  When  there  is  marked  deafness  as  a  conse- 
quence of  swelling  and  accumulation  of  secretion  in  the  tym- 
panum and  abnormal  tension  of  the  membrane,  the  improve- 
ment after  the  injection  is  often  very  considerable.  But  when 
structural  changes  have  taken  place,  and  the  development  of 
bands  of  connective  tissue  and  adhesions  interferes  with  the 
movements  of  the  ossicles  and  membrane,  and  also  when  the 
nervous  structures  are  the  seat  of  the  lesion,  little,  if  an}-, 
improvement  can  be  expected  from  the  use  of  Politzer's 
method. 

The  indications  for  the  employment  of  Politzer's  method,  and  a 
comparison  of  its  advantages  as  compared  with  those  of  Valsalva's 
plan,  and  of  the  use  of  the  Eustachian  catheter,  will  be  given  at 
the  end  of  this  chapter. 

(3.)  The  Eustachian  Catheter:  Forms  and  Description. 

— The  third  method  of  injecting  air  into  the  Eustachian  tube 
involves  the  use  of  a  catheter  which  is  passed  through  the  inferior 
meatus  of  the  nose  into  the  pharyngeal  opening.  The  Eustachian 
catheter  is  made  either  of  silver  or  vulcanite,  and  should  not 
exceed  four  and  a  half  inches  in  length.  It  presents  a  curve  near 
its  thinner  extremity,  and  its  outer  end  is  funnel-shaped,  for  the 
reception  of  the  nozzle  of  an  india-rubber  air-bag.  The  curved 
portion  or  beak  is  about  an  inch  in  length,  and  forms  an  angle  of 
about  135°  with  the  straight  portion.  (Fig.  46.)  In  most  cases, 
a  small-sized  catheter.  No.  1   (English  urethral  catheter   gauge), 
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conveys  the  air  in  sufficient  volume  into  the  middle  ear.  and  when 
this  is  the  case  there  is  no  advantage  in  using  an  instrument  of  a 
larger  size,  which  is  more  likely  to  cause  discomfort  during  its 
passage  through  the  nostrils.  For  patients  with  nostrils  of  normal 
dimensions  four  sizes  are  sufficient,  viz..  a  long  and  a  short  Xo.  1. 
and  a  long  and  a  short  Xo.  2.  The  difference  in  the  length  of  the 
curve  of  the  long  and  short  instruments  is  yV  of  an  inch.  It  is 
necessary,  however,  for  exceptional  cases,  to  have  catheters  with  a 
longer  curve  than  a  long  X'o.  1   and  long  Xo.  2,  and  of  smaller 


No.  2  Catheter, 


diameter  than  a  Xo.  1.  For  the  latter,  size  X'o.  i  usually  does 
very  well.  At  the  outer  end  of  the  catheter  a  ring  is  attached  to 
that  portion  of  the  circumference  which  corresponds  with  the 
curve  ;  the  ring  serves  to  indicate  the  position  of  the  beak  when 
the  catheter  is  introduced.  Special  catheters  should  be  kept  for 
syphilitic  cases,  because  the  disease  may  be  conveyed  from  one 
patient  to  another  by  means  of  these  instruments.  For  some 
years  past,  I  have  used   an   instrument  (Fig.  47)  for  these   cases 


Fig.  47. 

Cathkter  -with  Copper  Collar 


which  has  a  collar  of  copper  about  three-eighths  of  an  inch  in 
width  fitted  to  the  funnel-shaped  portion.  This  method  of  marking 
has  the  advantage  of  being  cleanh"  and  indestructible,  and  readily 
distinguishes  the  catheter  from  those  used  for  ordinary  cases.  A 
catheter  should  be  kept  very  clean,  and  disinfected  after  use. 
because  catarrh  as  well  as  syphilis  can  be  communicated  by  means 
of  this  instrument  if  proper  precautions  are  neglected.  The  author 
now  always  uses  silver  catheters,  because  their  diameter  is  less 
than  a  vulcanite  catheter  with  the  same  bore,  and  they  are  as  well 

8 


114  EXAMIXATIOX  OF  THE  NOSE,   ETC. 

tolerated  hy  patients  as  those  made  of  the  latter  substance.  Vul- 
canite catheters  are  cheaper  than  silver  ones,  and  by  some  authors 
are  considered  more  easy  to  pass  when  an  obstruction  exists,  on 
account  of  their  greater  elasticity.  This  supposed  advantage^ 
however,  the  author  has  not  exjDerienced. 

Vulcanite  catheters  possess  one  advantage  as  compared  with 
silver  instruments  :  they  are  not  affected  by  remedies  injected 
through  them.  They  are,  however,  more  difficult  to  cleanse,  and 
this  drawback  is  one  of  considerable  importance  in  view  of  the 
possibility  of  the  syphilitic  virus  and  catarrh  being  conveyed  by 
their  means.  After  a  vulcanite  catheter  has  been  used,  it  should 
be  kept  in  a  solution  of  perchloride  of  mercury  (1-1000)  for  some 
hours,  and  then  washed  in  warm  water.  Vulcanite  catheters  can 
be  bent  in  any  direction  ;  to  soften  them,  they  should  be  dipped 
in  hot  water  or  held  over  a  lamp,  and  when  the  requisite  curve  has 
been  given,  it  can  be  rendered  permanent  by  dipping  the  instru- 
ment in  cold  water.  Metallic  catheters  are  best  disinfected  by 
being  boiled. 

To  Mr.  G.  F.  Hodgson,  of  Brighton,  the  profession  is  indebted 
for  the  introduction  of  the  shortened  form  of  catheter  now  in 
o-eneral  use  in  this  countrv.  About  twentv  vears  as'o.  findino-  the 
old-fashioned  catheter,  which  was  about  seven  inches  in  length, 
unnecessarily  long,  he  had  a  j)iece  cut  out  of  one  of  his  instruments 
and  the  ends  joined  with  a  collar  of  metal,  so  that  the  catheter 
was  reduced  to  four  and  a  half  inches  in  length.  The  shortened 
instrument  answered  so  well,  that  Mr.  Hodgson  had  all  new  ones 
made  to  its  lengih.  AVhen  one  of  these  catheters  is  in  position, 
in -most  cases,  not  only  is  the  funnel-shaped  portion  projecting 
from  the  nostril,  but  also  about  the  eighth  of  an  inch  of  the 
straight  portion,  clearly  demonstrating  that  the  reduced  length  of 
instrument  is  amply  sufficient.  The  objection  to  the  longer  form 
of  catheter  is  that  it  cannot  be  held  properly  in  position  (see  Fig. 
52,  page  119),  and.  at  the  same  time,  the  nozzle  of  the  air-bag  be 
securely  kept  in  the  funnel-shaped  orifice  whilst  the  injection  of 
air  is  being  made,  unless  the  surgeon's  fingers  are  unusually  long. 


for  Injecting  Air. — For  injecting  air  into  the  catheter. 
I^olitzer's  india-rubber  bag  may  be  employed,  but  I  prefer  a  bag 
(Fig.  48)  fitted  at  one  end  with  a  valve  (a),  and  at  the  other  with 
a  piece  of  tubing  about  fifteen  inches  in  length,  which  has  attached 
to  its  other  end  a  vulcanite  nozzle  (e)  made  to  fit  accurately  the 
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funnel-shaped  end  of  the  catheter.  Immediately  in  front  of  the 
bag  is  a  piece  of  leather  (c),  through  which  is  passed  a  loop  of 
silk  ((T)  for  suspending  the  bag  to  a  button  on  the  surgeon's  coat, 
and  it  will  be  found  best  to  attach  it  to  one  of  the  upper  buttons, 
because  when  so  suspended  there  is  less  probability  of  its  dragging 
on  the  catheter  than  if  it  is  fastened  to  one  of  the  lower  buttons. 
It  is  important  that  the  bag  should  be  suspended  by  its  anterior 
part ;  because  with  this  arrangement,  if  the  bag  be  dropped,  its. 
weight  falls  upon  the  suspender  and  not  upon  the  catheter,  whereas 
if  the  bag  is  attached  behind,  any  sudden  movement  will  be  com- 
municated to  the  catheter.  If  Politzer's  air-bag  is  employed,  a 
piece    of  india-rubber   tubing,   several   inches   in   length,   should 


Fig.  48. 
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always  be  used  to  connect  its  nozzle  with  the  catheter;  this 
addition  prevents  pain  being  caused  to  the  patient  and  possible 
injury  to  the  mucous  membrane  by  the  movement  of  the  bag  being' 
communicated  to  the  catheter  when  the  air  is  injected. 

The    Use    of    the   Auscultation     Tube,     sometimes 
called  Otoscope  or  Diagnostic  Tube,  enables  the  surgeon  to 

ascertain  whether  the  injected  air  passes  along  the  Eustachian 
tube.  This  instrument  (Fig.  49)  consists  of  a  piece  of  india- 
rubber  tubing  about  thirty  inches  long,  furnished  at  each  end  with 
an  ear-piece  made  of  a  hollow  piece  of  ivory  or  vulcanite,  one  to 
be  introduced  into  the  meatus  of  the  patient  and  the  other  into 
that  of  the  surgeon.     Care  must  be  taken  that  the  auscultation 
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tube  hangs  freely,  and  is  not  compressed  or  bent  at  a  sharp  angle. 
The  ear-pieces  should  be  of  such  a  size  that  they  fit  comfortably 
into  the  meatus,  and  it  is  well  to  have  one  made  of  ivory  (a),  and 
the  other  of  vulcanite  (b),  to  enable  the  surgeon  to  distinguish 
them,  and  keep  one  for  his  own  use. 

Introduction  of  the  Eustachian  Catheter.— For  this 
procedure  the  patient  should  always  be  seated,  with  his  head 
resting  against  the  back  of  the  chair,  or  a  rest  if  one  is  provided, 
and  the  surgeon  should  always  stand  on  the  patient's  right  side. 
The  chair  (Fig.  50)  is  very  convenient  for  this  purpose :  the  head- 
rest (e)  made  by  Messrs.  Ash  is  easily  adjusted  to  any  position  by 
the  handle  (d),  and  can  be  slipped  either  forwards  or  backwards 


Fig.  49. 

Auscultation  Tube. 

alono'  the  rod  (c).     Its  height  is  regulated  by  the  rod  (a),  which  is 
secured  by  the  handle  (/>). 

The  movable  table  (,/')  attached  to  the  arm  carries  any  instru- 
ment which  may  be  required,  and  the  clips  fixed  to  it  securely 
hold  the  stem  of  a  glass,  when  fluid  injections  are  required,  and 
prevent  the  vessel  being  overturned.  Before  attempting  to  pass  an 
Eustachian  catheter,  the  auscultation  tube  should  be  placed  in  the 
patient's  and  the  surgeon's  ear,  and  the  air-bag  should  be  suspended 
from  a  button  on  the  surgeon's  coat.  The  tip  of  the  nose  should 
then  be  gently  raised  by  the  left  thumb,  whilst  the  hand  is  steadied 
by  the  fingers  being  rested  on  the  patient's  forehead.  The  catheter 
selected  should  be  held  very  lightly  in  a  vertical  position  by  its 
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larger  end,  between  the  thumb  and  the  first  and  second  fingers  of 
tlie  right  hand,  with  the  beak  uppermost,  and  directed  towards  the 
nostril  into  which  it  is  about  to  be  inserted.  Care  must  be  taken 
to  keep  the  beak  against  the  floor  of  the  nose,  otherwise  it  is 
apt  to   get  into  the   middle  meatus.      To   ensure  this,  the   right 


Fig.  50. 

Thk  Aithok's  lU:voLvix(i  Chair. 


hand  should  be  raised  as  the  catheter  passes  into  the  nostril,  until 
linall}^  the  instrument  is  in  a  horizontal  position.  As  soon  as  the 
beak  is  felt  to  touch  the  posterior  wall  of  the  naso-phar^^nx,  it 
should  be  withdrawn  half  an  inch,  and  turned  outwards  and 
slightly  upwards,  when  it  will  be  found  to  be  in  the  orifice  of  the 
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Eustachian  tube.  The  precise  distance  which  the  catheter  must 
be  withdrawn  necessarily  depends  upon  the  antero-posterior 
dimensions  of  the  naso-pharynx,  but  about  half  an  inch  is  usually 
sufficient.  The  above  and  the  following  detailed  methods  for 
finding  the  orifice  of  the  Eustachian  tube  are  only  of  service  to 
those  who  are  unaccustomed  to  pass  a  catheter.  After  a  little 
practice  the  beak  of  the  instrument  can  be  turned  directly  into  the 
orifice  of  the  Eustachian  tube,  without  previous  contact  with  the 
walls  of  the  naso-pharynx.  If  the  catheter  is  drawn  backwards  by 
muscular  contraction,  when  the  beak  is  turned  outwards  in  the 
naso-pharynx,  it  is  an  indication  that  it  is  in  the  fossa  of  Rosen- 
mliller.  As  soon  as  the  beak  of  the  catheter  is  in  the  Eustachian 
orifice,  the  third  and  fourth  fina'ers   of  the  left  hand  should  be 


Fig.  .51. 

Catheter  ix  Position. 

1,  posterior  ethmoid  cells ;  2,  sphenoidal  sinus  ;  3,  anterior  ethmoid  cells  ;  4,  frontal  sinus  ; 
5,  entrance  to  maxillary  sinus  ;  6,  inferior  meatus  ;  7,  nasal  duct ;  S,  Eustachian  tube. 


placed  one  on  each  side  of  the  patient's  nose,  the  palm  of  the  hand 
being  downwards  and  forwards  (Fig.  52).  and  the  outer  end  of  the 
instrument  grasped  between  the  thumb  and  index  finger.  The 
nozzle  of  the  air-bag  should  now  be  introduced  into  the  funnel- 
shaped  orifice,  and  the  thumb  and  index  finger  of  the  left  hand 
slipped  forward  to  hold  it  in  that  position,  the  second  finger 
supporting  the  catheter  whilst  this  is  being  done.  Air  is  then 
injected  into  the  tympanum  by  compressing  the  air-bag. 

The  advantage  of  the  method  above  described  for  holding  the 
catheter  in  position,  whilst  air  or  fluid  is  being  injected  into  the 
middle  ear.  is  that  the  relative  position  of  the  surgeon's  hand  and 
the  catheter  with  the  patient's  face  remains  unaltered  if  the  patient 
moves  his  head ;  whereas,  if  the  catheter  is  merely  steadied  by  the 
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surgeon  resting  his  fingers  against  the  patient's  nose  or  forehead, 
it  is  pressed  into  the  tissues,  and  causes  pain  if  the  patient  moves 
his  head,  because  by  so  doing  he  alters  the  relative  position  of  his 
face,  and  the  surgeon's  hand  holding  the  catheter.  When  the 
beak  of  the  catheter  is  thought  to  be  in  the  orifice  of  the  Eustachian 
tube,  and  the  nozzle  of  the  air-bag  has  been  inserted  into  the 
funnel-shaped  end,  the  bag  should  be  compressed  at  first  only 
gently,  whilst  the  sound  produced  by  the  air  is  listened  to  by 
means  of  the  auscultation  tube,  in  order  to  ascertain  whether  the 


Fig.  ry2. 

Showing  Position  of  thk  Thikd  axd  Fourth  Fingers  of  thi-:  Lkft  Hand  whilst 
A  Cathetkr  is  being  Used. 


position  of  the  catheter  is  correct.  As  soon  as  that  is  found  to  be 
the  case,  air  may  be  more  forcibly  injected  into  the  middle  ear. 
If  an  india-rubber  bag  which  is  not  provided  with  a  valve  for 
refilling  it  is  used  for  injecting  air,  its  nozzle  must  be  withdrawn 
from  the  catheter  before  it  is  refilled  by  taking  off  the  pressure. 
Unless  this  is  done,  secretion  from  the  naso-pharj-nx  will  be  drawn 
into  the  instrument  as  it  expands,  and  may  block  up  its  opening. 
Compression  of  the  bag  should,  therefore,  be  kept  up  until  it  is 
removed  from  the  catheter.     When  distended  with  air,  the  bag  is 
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replaced  and  again  compressed,  and  these  manipulations  may  be 
repeated  four  or  five  times,  or  more  often  if  necessary.  In  the 
withdrawal  of  the  catheter,  the  beak  should  be  turned  downwards 
and  kept  close  to  the  floor  of  the  nares.  To  prevent  the  tickling 
which  the  passage  of  the  catheter  is  apt  to  produce,  a  2  per  cent, 
solution  of  cocaine  may  be  injected  into  the  nostrils.  Finding 
that  the  metal  cocaine  spray  producer  in  general  use  imparted  a 
metallic  taste  to  the  solution,  I  requested  Messrs.  Mayer  & 
Meltzer  to  make  a  fine  spray  producer  in  vulcanite,  and  after  a 
little  difficulty,  they  supplied  me  with  the  instrument  shown  at 
Fig.  53,  which  works  very  well,  ^fessrs.  Mayer  &  Meltzer  have 
also  made  for  me  in  vulcanite  a  spray  producer  with  laryngeal 
bend  for  anaesthetising  the  larynx  and  lower  part  of  pharynx. 


Fm.  o3. 

VULCAMXE   COCAIXK   SfKAY   PRODUCERS. 

A  brief  reference  may  be  made  to  other  methods  of  introducino- 
the  Eustachian  catheter.  These  are  somewhat  numerous,  and  it  is 
only  necessary  to  mention  those  which  are  likely  to  prove  useful. 
Frank's  method  is  convenient,  inasmuch  as  the  posterior  border  of 
the  nasal  septum  is  used  as  a  guide  in  its  performance.  The 
catheter  is  introduced  as  before,  with  the  point  in  contact  with  the 
floor  of  the  nares.  When  the  posterior  pharyngeal  wall  is  reached, 
the  instrument  is  turned  so  that  its  extremity,  as  sho^vn  by  the 
position  of  the  ring,  points  towards  the  opposite  side ;  it  is  then 
^^'ithdrawn  until  the  beak  is  arrested  by  the  nasal  septum. 
The  instrument  is  then  steadied  between  the  thumb  and  forefinger 
of  the  left  hand,  and  turned  upon  its  long  axis  through  half  a 
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circle,  with  the  apex  downwards.  At  the  completion  of  this- 
manipulation,  the  point  of  the  catheter  will  be  directed  horizontally 
towards  the  phar}'ngeal  opening  of  the  Eustachian  tube. 

Gruber's  Method. — In  the  method  recommended  by  Gruber,  the 
catheter  is  passed  along  the  floor  of  the  nares,  as  above  described, 
until  the  posterior  wall  of  the  pharynx  is  reached.  It  is  then 
withdrawn  until  it  touches  the  posterior  border  of  the  hard  palate. 
Care  must  be  taken  not  to  draw  the  catheter  back  into  the  nostril ; 
to  prevent  it  going  too  far,  its  outer  end  must  be  somewhat  raised. 
The  pharyngeal  opening  of  the  tube  is  about  one-fifth  of  an  inch 
behind  the  border  of  the  hard  palate  ;  to  find  it,  the  catheter  must 
be  pushed  slightly  backwards,  and  then  turned  through  a  quarter 
or  three-eighths  of  a  circle  on  its  long  axis,  with  its  apex  directed 
outwards.  The  point  will  then  impinge  upon  the  pharjaigeal 
opening,  and  \\i\\  pass  into  it  if  the  outer  extremity  be  moved 
slightly  downwards  and  towards  the  septum. 

Indications  that  the  Catheter  is  in  Proper  Position. — When  the 
apex  of  the  catheter  is  lodged  in  the  opening  of  the  Eustachian 
tube,  a  sense  of  resistance  will  be  experienced  when  an  attempt 
is  made  to  turn  it  upwards.  Its  position  will  not  be  altered  when 
the  patient  swallows,  and  if  air  be  injected,  the  sound  of  its 
passing  along  the  tube  will  be  heard  with  the  aid  of  the  ausculta- 
tion tube.  If  the  beak  of  the  catheter  be  lodged  in  Eosenmuller's 
fossa,  there  will  be  little,  if  any,  resistance  when  it  is  turned 
upwards ;  if  it  be  embraced  by  a  fold  of  mucous  membrane,  the 
stem  will  move  freely  when  the  patient  swallows  or  speaks. 

Obstacles  and  Methods  of  Overcoming  them. — Obstacles  to  the 
introduction  of  the  Eustachian  catheter  are  not  infrequently  met 
with  ;  and  when  difficulty  is  experienced,  the  nose  should  be  care- 
fully examined  with  the  aid  of  the  concave  mirror.  Great  sensi- 
tiveness of  the  mucous  membrane,  swelling  of  the  parts,  especiall}' 
of  the  inferior  turbinated  body,  deviations  of  the  septum,  carti- 
laginous and  bony  spurs,  polypi  and  strictures  from  ulceration, 
may  render  the  introduction  of  the  catheter  very  difficult,  or  even 
impossible.  As,  therefore,  the  dimensions  of  the  nostrils  may  var}' 
\-ery  much,  there  is  no  rule  for  the  position  of  the  catheter  during 
its  passage.  It  often  passes  best  if  the  beak  is  directed  horizon- 
tally outwards  beneath  the  inferior  turbinated  body,  as  soon  as  it 
is  well  within  the  nostril,  and  turned  a  little  down  again  as  it  goes. 
through  the  choana. 
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Sometimes  the  instrument  can  be  passed  bj^  holding  it  lightly, 
and  gently  turning  it  from  side  to  side  whilst  it  is  pushed  back- 
ward ;  and  occasionally  complete  rotation  of  the  catheter  will  effect 
the  desired  end.  If  a  large-sized  catheter  will  not  pass,  a  small- 
sized  one  should  be  tried,  and  at  times  an  alteration  in  the  curve 
of  the  beak  ^^•ill  help  to  surmount  the  difficulty.  A  catheter 
.should  always  be  passed  with  the  greatest  gentleness,  and  in  many 
instances  it  is  best  to  allow  it  to  find  its  own  way.  If  the 
difficulty  is  caused  by  the  swollen  condition  of  the  soft  tissues, 
a  2  to  5  per  cent,  solution  of  cocaine  will  generally  remove  the 
obstruction. 

When  it  has  been  found  impossible  to  introduce  the  catheter 
through  one  side,  an  attempt  ma}'  be  made  to  reach  the  mouth  of 
the  tube  from  the  opposite  side.  The  ^  catheter  used  for  this 
purpose  should  have  a  long  and  stronglj^  curved  beak.  It  is 
passed  into  the  nares  in  the  manner  already  described,  and  when 
the  posterior  wall  of  the  naso-pharynx  is  reached,  it  should  be 
withdrawn  half  an  inch,  and  the  beak  turned  towards  the  ear  which 
is  to  be  catheterised. 

In  nervous  and  very  sensitive  people,  attempts  to  pass  the 
Eustachian  catheter  may  be  frustriited  by  attacks  of  retching  or 
vomiting,  and  uncontrollable  movements  of  swallowing.  When 
these  are  v^ry  violent,  it  may  be  necessary  to  remove  the  catheter ; 
they  will  sometimes  subside  if  the  patient  takes  deep  inspirations 
through  the  nose.  Convulsive  attacks  of  coughing  and  continuous 
sneezing  sometimes  necessitate  withdrawal  of  the  catheter;  but 
these  difficulties  can  generally  be  removed  by  spraying  into  the 
nostrils  a  2  to  5  per  cent,  solution  of  cocaine  a  few  minutes 
before  the  instrument  is  introduced. 

Emphysema  sometimes  Caused. — In  a  few  cases  the  injection 
of  air  through  the  Eustachian  catheter  has  caused  emphysema 
beneath  the  mucous  membrane,  and  extending  to  parts  at  a  con- 
.siderable  distance  from  the  throat.  This  accident  may  occur  if  the 
membrane  be  injured  by  the  point  of  the  catheter,  and  also  in 
cases  of  ulceration.  Under  either  of  these  circumstances,  air  may 
find  its  way  into  the  sub-mucous  tissue,  and  pass  under  the 
mucous  membrane  of  the  soft  palate  and  pharynx  to  the  orifice  of 
the  larynx,  and  to  the  subcutaneous  connective  tissue  of  the  cheek 
and  side  of  the  neck.  It  has  also  been  known  to  pass  into  the 
thorax  between  the  ribs  and  the  costal  pleura.     In  two  cases  in 
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which  a  powerful  air-pump  was  used  to  force  air  into  the  tube,  the 
fatal  result  which  ensued  was  probably  due  to  emphysema  of  the 
■glottis.  If  the  catheter  be  carefully  introduced,  and  the  air-bag 
l^e  employed,  emplwsema  is  very  unlikely  to  occur  ;  and  should  a 
small  quantity  of  air  pass  into  the  sub-mucous  tissue,  it  will 
become  absorbed  in  the  course  of  a  few  days. 

The  sj^mptoms  depend  upon  the  amount  and  seat  of  the 
emphysema.  On  inspecting  the  mouth  and  throat,  the  mucous 
membrane  of  the  soft  palate  and  uvula  is  seen  to  be  swollen  and 
distended,  so  that  these  parts  are  considerably  enlarged ;  the  pos- 
terior wall  of  the  pharynx  is  bulged  out,  and  the  lips  of  the  orifice 
of  the  Eustachian  tube  are  much  larger  than  natural.  The  cheek 
on  the  affected  side  is  puffed  out,  and  the  ej^elids  are  swollen. 
The  swelling  may  be  so  great  as  to  be  easily  discernible ;  if  slight, 
it  may  be  detected  on  digital  pressure.  The  subjective  symptoms 
vary ;  a  feeling  of  tickling  and  irritation  in  the  pharynx  is  usually 
complained  of,  and  if  the  lar^nix  be  involved  in  the  oedema,  diffi- 
cult}^ of  breathing  will  become  very  prominent.  In  the  majority 
of  the  recorded  cases,  the  emphysema  subsided  within  a  few  days 
under  the  use  of  cold  applications  and  gargles.  Prominent 
emphysematous  portions  of  mucous  membrane  may  be  incised 
with  the  point  of  a  bistour}'. 

The  accident  above  described  ought  never  to  occur,  as  it  is 
caused  b}^  unnecessary,  and  therefore  unjustifiable,  force  being- 
used  to  introduce  the  catheter,  smd  air  being  forced  through  it 
when  the  resistance  shows  that  the  catheter  is  not  in  its  proper 
position.  The  sound  conveyed  by  the  auscultation  tube  should 
clearly  demonstrate  that  the  air  is  not  passing  into  the 
tympanum. 

The  Risk  of  Conveying  Syphilis  by  means  of  the  Eustachian 
catheter  must  be  carefully  borne  in  mind.  In  treating  a  patient 
known  to  be  suffering  from  syphilis  one  of  the  catheters  with  a 
copper  collar  (Fig.  47,  page  113)  kept  for  these  cases  should  always 
be  used,  but  if  one  is  not  at  hand  a  catheter  should  be  set  aside  solely 
for  the  use  of  the  patient.  In  all  cases  the  instrument  should  be 
disinfected  by  being  placed  in  a  5  per  cent,  solution  of  carbolic 
acid,  and  afterwards  boiled. 

A  vulcanite  catheter  should  be  washed  after  being  taken  out  of 
the  disinfecting  solution,  and  burnt  when  its  use  is  no  longer 
required. 
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Sounds  Produced  during  Injection  of  Air. — The  injection  of  air 
into  tile  Eustac-liian  tube  produces  certain  sounds  which  can  be 
lieard  tlu'ough  the  auscultation  tube.  With  a  normal  condition  of 
the  parts  the  air  entering  the  tympanum  causes  a  blowing  sound, 
which  has  been  compared  to  that  heard  when  rain  falls  upon 
the  leaves  of  a  tree.  This  sound  is  due  to  the  friction  of  the  air 
upon  the  walls  of  the  tube  and  of  the  tympanic  cavit}^,  and  upon 
the  inner  surface  of  the  membrana  tympani.  Its  character  is 
influenced  by  alterations  in  the  width  of  the  tube  and  in  the  size 
of  the  catheter.  With  a  narrow  tube  and  also  with  small 
catheters  the  sound  becomes  shrill  and  high  ;  under  opposite 
conditions  its  pitch  is  changed.  The  condition  of  the  membrana 
tympani  considerably  modifies  the  character  of  the  sound ;  when 
the  membrane  is  tense  the  sound  is  distinct  and  harsh,  and  may 
resemble  that  which  is  heard  in  cases  of  perforation,  inasmuch  as 
it  appears  to  originate  close  to  the  ear  of  the  listener.  AVhen  the 
membrane  is  relaxed  the  sound  is  less  distinct  and  soft. 

Rales,  or  rattling  sounds  of  various  kinds,  are  often  heard  when 
the  t^mipanum  or  Eustachian  tube  contains  excess  of  secretion. 
Fine  bubbling  rales  generally  originate  in  the  tympanum,  whereas 
more  distinct  and  interrupted  sounds  of  this  character  are  pro- 
duced in  the  phar3'ngeal  half  of  the  tube.  When  the  membrana 
tympani  is  perforated,  the  character  of  the  sound  is  modified  b}' 
the  size  of  the  opening,  by  the  amount  of  secretion  in  the  middle 
ear,  and  by  the  degree  of  permeability  of  the  tube.  A  whistling 
or  hissing  sound  is  characteristic  of  a  perforation,  and  when  excess 
of  secretion  co-exists,  bubbling  rales  will  be  superadded.  These 
sounds  will  appear  to  originate  close  to  the  ear  of  the  surgeon. 

Sounds  sometimes  Absent. — It  may  happen  that  no  sounds 
whatever  are  produced  when  air  is  injected.  Supposing  that  the 
catheter  has  been  properl}-  introduced,  this  absence  of  sound  ma}' 
be  due  to  impermeability  of  the  tube  from  adhesion  of  its  walls, 
to  obstruction  due  to  foreign  bodies,  or  to  the  fact  that  the 
tympanic  cavity  is  completely  filled  with  secretion.  In  some  cases 
the  sound  suddenly  ceases,  and  then  again  becomes  audible,  and 
such  alternation  is  repeated  several  times.  This  peculiarity  may 
be  caused  by  plugs  of  mucus  occupying  the  tube  and  becoming 
detached  from  time  to  time,  or  by  folds  of  mucous  membrane  acting 
as  valves.  It  must  not  be  forgotten  that  rales  may  be  produced 
in  RosenmuUer's  fossa  when  the  beak  of  the  catheter  is  lodged 
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therein.  The  stream  of  air  forms  bubbles  in  the  mucus  of  the 
fossa,  and  also  throws  into  vibration  the  posterior  lip  of  the  tube. 
These  sounds  are  heard  as  if  produced  at  a  distance  from  the  ear. 
If  the  catheter  be  drawn  forwards  and  its  beak  placed  within  the 
lips  of  the  tube  a  marked  difference  will  be  perceived  in  the 
character  of  the  sound,  and  will  also  be  noticed  by  the  patient. 

Action  of  Compressed  Air  on  Eustachian  Tube  and 

Middle  Ear. — Before  considering  the  relative  advantages  of  the 
three  methods  by  which  air  may  be  injected  into  the  tympanum, 
it  seems  desirable  to  point  out  the  manner  in  which  compressed 
air  acts  upon  the  Eustachian  tube  and  the  structui*es  contained  in 
the  middle  ear. 

AVhen  a  current  of  air  passes  from  the  naso-pharynx  into  the 
tympanum  certain  effects  are  produced  upon  the  Eustachian  tube, 
the  membrana  tympani,  and  the  structures  covering  the  fenestra 
rotunda  and  the  fenestra  ovalis.  The  air  distends  the  Eustachian 
tube  and  removes  from  it  any  excess  of  secretion,  a  portion  of 
which  is  driven  into  the  pharynx  and  the  remainder  into  the 
tympanic  cavity.  The  pressure  of  the  air  upon  the  walls  of  the 
tube  tends  to  reduce  any  existing  hj^persemia,  and  thus  tempo- 
rarily enlarges  its  calibre.  The  effect  of  the  current  upon  the 
membrana  tympani  is  very  marked,  and  can  easily  be  seen  with 
the  aid  of  the  speculum  and  measured  with  the  ear  manometer. 
The  injected  air  forces  the  membrane  outwards,  causing  it  to 
bulge  into  the  external  meatus.  In  this  movement  it  carries  with 
it  the  handle  of  the  malleus,  and  this  in  turn,  though  to  a  lesser 
extent,  draws  the  incus  and  stapes  in  an  outward  direction.  If,  as 
often  happens,  the  membrane  be  too  much  curved  inwards  and 
tightly  stretched,  and  the  movements  of  the  ossicles  be  much 
impeded,  the  forcible  introduction  of  a  current  of  air  will  restore 
the  membrane  to  its  normal  position  and  re-establish  its  capacity 
for  vibration.  The  marked  improvement  in  hearing  which  often 
results  from  the  employment  of  one  of  the  methods  already 
described  is  due  to  the  increased  mobility  of  the  membi'ane  and 
chain  of  ossicles. 

There  are  other  structures  in  the  middle  ear  which  can  be  acted 
upon  by  a  current  of  air  through  the  Eustachian  tube.  A  common 
result  of  inflammatory  processes  is  the  formation  of  bands  of 
connective  tissue  which  considerably  interfere  with  the  movements 
of  the  membrane  and  ossicles,  and  these  bands  are  stretched  to 
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some  extent  b}-  the  force  of  the  air.  The  tendon  of  the  tensor 
tympani  can  be  similarl}'  affected.  The  two  fenestrae  are  also 
acted  upon,  and  undue  rigidity  caused  by  inilammator}^  deposit 
may  be  lessened  or  overcome.  Abnormal  tension  in  the  labyrinth 
will  be  reduced  by  lessening  the  pressure  of  the  stapes  upon  the 
fenestra  oralis. 

Removal  of  exudation  is  another  result  of  inflation  of  the 
tympanum.  Such  removal,  however,  can  be  effected  only  to  a 
veiy  limited  extent  when  the  tympanic  membrane  is  intact ;  the 
exudation  ma\^  be  displaced  and  scattered,  but  the  greater  portion 
of  it  remains  in  the  cavity.  Its  escape  will  be  facilitated  if, 
duringthe  injection,  the  head  is  inclined  forwards  and  to  the  opposite 
side.  But  even  if  little  or  no  exudation  escape,  the  inflation  may 
effect  considerable  improvement  in  the  hearing  power  by  forcing 
the  tympanic  membrane  outwards,  and  increasing  the  mobility  of 
the  ossicles,  as  above  described.  It  will  act  beneficially  in  another 
manner,  viz.,  by  re-establishing  the  normal  pressure  of  air  in  the 
tympanic  cavity.  As  Politzer  has  pointed  out,  closure  of  the 
Eustachian  tube  in  catarrhal  and  inflammatory  affections  of  the 
middle  ear  causes  rarefaction  of  the  air  in  that  cavity.  As  a  result 
of  the  reduction  of  pressure,  an  exudation  of  fluid  takes  place  from 
the  blood-vessels  and  lymphatics,  a  condition  which  has  been 
described  as  hi/drops  ex  vacuo.  The  injection  of  air  restores  the 
normal  pressure,  reduces  the  h^iDeraemia  of  the  mucous  membrane, 
and  thus  promotes  the  absorption  of  the  exudation. 

When  perforation  exists,  the  effect  of  a  current  of  air  forced 
through  the  Eustachian  tube  is  to  propel  any  exudation  into  the 
external  meatus,  and  thus  to  relieve  the  tube  and  the  tympanic 
cavity.  The  membrane  will  be  forced  outwards,  and  will  carry 
with  it  the  chain  of  ossicles,  so  that  the  normal  tension  of  the 
labyrinth  will  be  to  some  extent  restored.  There  is  no  risk  of 
forcing  secretion  into  the  mastoid  cells;  experiments*  have  proved 
that  when  perforation  of  the  membrane  exists,  morbid  contents 
of  the  tympanum  will  be  driven  into  the  meatus  by  a  current  of 
air  through  the  Eustachian  tube. 

Comparative  Value  of  the  Various  Methods.— A  dis- 
cussion of  their  comparative  value  will  complete  this  account  of 
the  various  methods  of  inflating  the  middle  ear. 

(1)  Valsalva's  method  has  the  advantage  of  simplicity  and  ease 
*  Michael,  ArchirfUr  Ohrenlu'dlunide,  Bd.  XI. 
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of  execution ;  but  where  there  is  great  resistance,  the  force  of  the 
current  of  air  is  likely  to  prove  insufficient.  As  a  means  of 
diagnosis,  a  positive  resiilt  implies  that  mechanical  obstruction 
is  either  very  slight  or  entirely  absent ;  but  if  the  result  be  nega- 
tive, some  obstacle  may  be  inferred  to  exist.  Also,  when  the  tubes 
are  unequally  affected,  it  enables  the  relative  amount  of  obstruc- 
tion to  be  ascertained.  It  must  always  be  borne  in  mind  that 
inflation  of  the  middle  ear  by  this  method,  depending  as  it  does- 
upon  forced  expiratory  efforts,  produces  hyperaemia  of  the  cerebral 
vessels  and  venous  congestion :  it  is,  therefore,  not  unattended 
with  danger  when  practised  by  persons  the  subjects  of  disordered 
conditions  of  the  vessels  in  question.  The  mucous  membrane  of 
the  tympanum  likewise  partakes  in  the  hyperaemia.  and  too  frequent 
repetition  of  the  process  is  therefore  likely  to  promote  exudation. 

When  the  membrane  is  perforated,  Valsalva's  method  often 
proves  very  useful.  Very  little  effort  is  required  to  force  secretion 
from  the  tympanum  into  the  external  meatus.  The  patient  should 
always  be  warned  against  too  frequent  repetition  of  the  process,, 
and  if  there  be  reason  to  suspect  disease  of  the  cerebral  vessels, 
Valsalva's  method  should  not  be  practised. 

(2)  Politzer's  method  of  inflating  the  middle  ear  is  of  great 
value  in  all  cases  in  which  the  use  of  the  catheter  is  either 
impossible,  or  attended  with  great  difficulties  and  drawbacks. 
Thus  in  children,  among  whom  catarrhal  affections  of  the  middle 
ear  are  very  common,  catheterism  is  seldom  possible,  whereas 
Politzer's  method  is  often  cpiite  feasible.  Also  in  nervous  adults 
and  in  cases  of  malformation  of  the  nares,  the  latter  plan  is 
usually  practicable.  It  is  likewise  preferable  in  cases  of  inflam- 
matory swelling  of  the  nasal  or  pharyngeal  mucous  membrane^ 
a  condition  likely  to  be  made  worse  by  the  use  of  the  catheter. 
As  compared  with  Valsalva's  method,  Politzer's  plan  has  the 
advantage  of  forcing  air  into  the  tympanum  at  a  lower  joressure, 
which  can.  however,  be  raised  at  the  will  of  the  surgeon.  In 
many  cases  the  method  can  be  practised  by  the  patient  himself, 
after  a  few  instructions.  Lastly,  the  sudden  rush  of  air  into  the 
tympanum  is  sometimes  more  efficacious  than  the  weaker  current 
which  passes  through  the  Eustachian  catheter. 

(3)  The  use  of  the  catheter  is  indicated  in  cases  in  which  the 
disease  is  conflned  to  one  side,  and  whenever  it  is  desirable  to 
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pliaiyngeal  orifice  of  the  Eustachian  tube  is  much  swollen,  and 
resists  the  action  of  the  current  in  Politzer's  method.  It  may 
also  be  tried  whenever  the  latter  plan  produces  disagreeable 
results,  such  as  distension  of  the  stomach  and  giddiness.  Lastly, 
auscultation  can  be  better  practised  when  the  catheter  is  em- 
ployed, because  the  force  and  amount  of  the  air  injected  can 
be  regulated,  and  the  passage  of  air  gives  rise  to  a  more  distinct 
sound.  Hence  the  catheter  is  especially  suited  for  purposes  of 
diagnosis. 

From  what  I  have  been  told  by  different  medical  men,  it 
appears  that  there  is  a  prevailing  impression  that  the  introduction 
of  an  Eustachian  catheter  is  a  difficult  and  very  painful  procedure, 
and,  furthermore,  that  if  attendance  on  an  aural  case  is  to  be 
continued,  and  the  patient's  confidence  retained,  it  is  essential 
that  a  catheter  should  not  be  used.  An  old  friend  of  mine,  an 
exceptionally  good  practitioner,  told  me  a  short  time  ago  that  he 
had  once  tried  to  pass  an  Eustachian  catheter,  but  had  not  since 
dared  to  make  another  attempt,  for  on  the  occasion  the  man  on 
whom  he  was  operating  uttered  a  groan  as  the  instrument  was 
introduced,  and  then  fell  on  the  floor  in  a  fainting  condition. 
This  was  told  me  by  my  friend  on  my  proposing  to  pass  a  catheter 
on  himself;  he  having  come  to  consult  me  for  a  slight  defect  of 
hearing.  I  may  mention  that  now  he  not  only  passes  a  catheter 
dexterously  on  his  patients,  but  also  upon  himself.  Without 
doubt.  Eustachian  catheters  are  frequently  passed  in  an  improper 
manner.  Patients  on  their  first  visit  to  me  often  are  inclined  to 
doubt  the  correctness  of  my  assurance  that  it  is  a  painless  pro- 
cedure, and  object  to  this  instrument  being  used  because  of  their 
painful  experience  in  connection  with  this  operation. 

The  mistakes  usually  made  are  : — 

1.  Holding  the  catheter  too  firmly. 

2.  Using  force  during  the  introduction. 
o.  Using  too  large  an  instrument. 

A  catheter  cannot  be  held  too  lightly,  and  should  always  be 
made  to  glide  through  the  nostril,  care  being  taken  to  keep  it  in 
the  inferior  meatus. 

Passage  of  Bougies  along  the  Eustachian  Tube.— 

Reference  must  be  made  to  another  method  recommended  by 
some  authorities  of  testing  the  permeability  of  the  Eustachian 
tube,  and  of  relieving  or  curing  constrictions,  due  either  to  swell- 
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ing  of  the  mucous  membrane  or  to  growth  of  connective  tissue  in 
the    sub-mucous    layer.      This  plan    consists  in  passing   bougies 
along  the  tube  with  the  aid  of  the  catheter.     As  a  matter  of  fact, 
however,  the  author  never  has  recourse  to  this  method  of  treat- 
ment ;  he  doubts  the  efficacy  of  bougies  thus  used,  and  he  is  quite 
sure  that  they  are  capable  of  causing  serious  mischief.     If  the 
passage  of  a  bougie  be  immediately  followed  by  the  restoration  of 
some  amount  of  patency  to  the  tube,  it  is  at  least  highly  probable 
that   the  occlusion  was  due  to  a  plug  of  inspissated  mucus  which 
would  have  been  softened,  and  would  have  come  away  in  a  few 
days  if  a  few  drops  of  a  weak  alkaline  solution  had  been  injected 
through  an  Eustachian  catheter.      If  the  obstruction   be  due  to 
swelling  of  the  mucous  membrane,  it  is  difficult  to  suppose  that 
any  real  benefit  can  result  from  the  passage  of  a  bougie,  for  the 
previous  condition  will  be  restored  when  the  instrument  is  with- 
drawn.   It  is  alleged  that  various  medicaments  can  be  conveniently 
applied  with  the  aid  of  a  bougie  ;  but  they  can  be  used  in  solution 
with  greater  safety,  and  quite  as  efficiently,  through  the  Eustachian 
catheter.     The  views  of  Drs.  Roosa,*  McBride.f  and  other  aural 
surgeons,  coincide  with  those  of  the  author  on  this  subject.     The 
use  of  bougies,  however,  for  purposes  of  diagnosis  and  treatment, 
is  still  advocated  by  several  German  authorities,  and  especially  by 
Urbantschitsch.i      A    few   American    aurists    regard   bougies    as 
indispensable  in  cases  where  obstruction  of  the  Eustachian  tube 
does  not  yield  readily  either  to  Politzer's  method  or  to  injections 
of  air  through  the  catheter.     A  brief  description  of  the  method  of 
using  the  bougie  will  therefore  be  appended. 

It  must  be  remembered  that  the  length  of  the  Eustachian  tube 
varies  considerably  in  different  cases  (If-l^  inches)  ;  the  seat  of  a 
constriction  cannot  therefore  be  exactly  ascertained.  The  carti- 
laginous portion  measures  about  1  inch,  and  the  osseous  part 
rather  less  than  half  this  length.  The  calibre  at  the  isthmus  is 
from  Jq  to  ^^  of  an  inch.  According  to  Urbantschitsch.§  a  con- 
striction is  indicated  if  the  smallest  bougie  (-^^  of  an  inch)  cannot 
be  made  to  enter  the  osseous  tube,  or  is  passed  with  great 
difficulty.     If  the  obstacle  be  at  a  distance  of  ||-  of  an  inch  from 

_  *  Treatise  on  Diseases  of  the  Ear,  7ih  Ed.  p.  406. 

t  Diseases  of  the  Throat,  Nose,  and  Ear,  p.  383. 
:;:  Lehrhueh  der  Ohrcnheilkunde,  3  Aufl.,  S.  24. 
§  Archives  of  Otology,  vol.  xii,  p.  3o3. 


130  EXAMINATION  OF  THE  NOSE,   ETC. 

the  pharyngeal  orifice,  the  stricture  is  in  the  cartilaginous  portion; 
if  at  from  f  f-ly  inches,  it  is  in  the  isthmus,  or  very  close  to  it ; 
if  at  from  l^-l^^  inches,  the  obstacle  is  in  the  osseous  portion. 
The  possible  existence  of  folds  and  angularities  in  the  course  of 
the  tube  must  always  be  kept  in  mind.  Urbantschitsch  now 
recommends  celluloid  bougies  as  the  most  suitable ;  they  are 
smooth  and  flexible,  and  are  not  affected  by  sublimate  solution. 
Each  extremity  is  rounded  and  slightly  constricted  below  (a  houle). 
These  bougies  are  apt  to  become  fragile  after  a  time,  and  if  minute 
transverse  lines  appear  on  the  constricted  portion  the  instrument 
should  be  discarded. 

Preparation  and  Introduction  of  the  Bougie. —  A  suitable 
catheter  is  selected  (one  having  a  long  and  decidedly  curved  beak 
is  to  be  preferred),  and  the  bougie  is  passed  along  it  until  the 
rounded  head  appears  at  the  orifice.  A  small  mark  is  then  made 
on  the  bougie  on  a  line  with  the  funnel-shaped  end  of  the  catheter, 
and  starting  from  this,  a  scale  is  constructed  with  marks  at  -|  of 
an  inch  apart.  The  catheter  is  introduced  in  the  usual  way,  and 
when  it  is  in  its  proper  position,  as  proved  b}'  auscultation,  the 
bougie  is  passed  along  it  until  the  first  mark  coincides  with  the 
outer  extremity  of  the  catheter.  The  bougie  is  then  pushed 
onwards  with  a  rotator}^  movement,  only  very  slight  force  being- 
used  to  overcome  any  obstacle  that  may  be  encountered.  If  the 
attempt  prove  unsuccessful,  the  bougie  should  be  withdrawn  and 
a  thinner  one  tried.  Constriction  very  rarely  occurs  on  the 
tympanic  side  of  the  isthmus  ;  it  is  therefore  generally  sufficient 
to  pass  the  bougie  just  beyond  the  latter  spot.  In  order  to  act 
upon  the  isthmus  itself,  the  head  of  the  bougie  should  be  slightly 
withdrawn,  and  allowed  to  remain  in  position  for  a  few  seconds,  or 
even  for  a  few  minutes. 

The  bougie  should  not  be  passed  along  the  tube  for  more 
than  1|  inches.  If  this  limit  be  exceeded,  the  ossicles  or  tjmi- 
panic  membrane  may  be  damaged,  the  bougie  getting  between 
the  malleus  and  the  incus,  and  impinging  on  the  membrane.  Per- 
foration has  been  thus  caused,  and  in  other  cases  sudden  deafness 
has  resulted,  probably  fi'om  dislocation  of  the  ossicles. 

That  the  bougie  has  been  properly  introduced  into  the  tube  is 
shown  (1)  by  the  manner  in  which  the  catheter  is  retained  in  its 
position,  and  (2)  by  the  absence  of  any  alteration  during  swallow- 
ing,   inasmuch    as    the    action    of  the    muscles    of  the  tube    and 
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pharynx  produces  little,  if  any  effect,  owing  to  the  manner  in  which 
the  bono'ie  is  held.  AVhen  the  latter  has  been  withdrawn,  it  ona"ht 
to  appear  slightly  curved,  somewhat  in  the  form  of  the  letter  S,  in 
correspondence  with  the  course  of  the  tube.  If,  on  the  other  hand, 
the  bougie  be  sharply  curved  upwards  or  down^^•ards.  it  has 
probably  failed  to  pass  through  the  tube.  The  passage  of  the 
bougie  gives  rise  to  a  sensation  of  pricking  in  the  region  of  the 
larynx,  and  extending  in  the  direction  of  the  tjnnpanum.  As  the 
head  of  the  bougie  passes  through  the  isthmus,  the  sensation  in 
the  tympanum  becomes  more  marked,  and  is  often  referred  to  the 
membrane.  T^ain  extending  downwards,  and  increased  by  the  act 
of  swallowing,  indicates  that  the  bougie  is  not  passing  properly 
along  the  tube.  Passage  of  the  instrument  through  the  isthmus  is 
i^-enerally  accompanied  by  crepitation,  which  can  be  heard  through 
the  auscultation  tube.  Any  symptoms  caused  by  the  introduction 
of  the  bougie  usually  pass  off  soon  after  its  withdrawal.  Urbants- 
chitsch,  from  whose  work  the  above  account  has  been  derived, 
states  that  in  a  few  of  his  cases  the  use  of  the  instrument  has 
relieved  the  sjmiptoms  of  migraine,  and  of  trigeminal  and  occipital 
neuralgia. 

According  to  the  authority  just  quoted,  the  use  of  the  bougie  is 
indispensable  in  many  cases  of  chronic  catarrh  of  the  tympanum ; 
it  often  proves  effectual  after  the  catheter  has  failed  to  relieve.  It 
is  not  to  be  limited  to  cases  of  stricture  of  the  Eustachian  tube,  or 
to  those  in  which  there  is  evidence  of  a  diminution  of  calibre, 
which  cannot  be  dealt  ^^•ith  in  any  other  way.  On  the  other  hand, 
its  use  is  indicated  for  the  removal  of  swelling  of  the  walls  of 
the  tube — an  almost  constant  accompaniment  of  chronic  tympanic 
catarrh.  Urbantschitsch  claims,  in  addition,  that  the  passage  of 
the  bougie  not  only  dilates  the  tube,  but  acts  reflexly  on  the 
auditory  centres  through  the  sensory  nerves.  He  denies  Politzer's 
assertion  that  the  effects  of  such  reflex  action  rapidly  pass  off. 

In  the  last  edition*  of  his  work  on  "  Diseases  of  the  Ear," 
Politzer  states  that  the  results  of  mechanical  dilatation  of  strictures 
of  the  Eustachian  tube  are  not,  on  the  whole,  very  favourable.  In 
cases  l^of  constriction  due  to  swelling,  instead  of  the  bougie,  he 
.sometimes  uses  a  thin  rubber  capsule  -g-V  inch  long,  and  -J\y  wide, 
"  which  is  fastened  to  the  top  of  the  catheter  by  a  thread.  After 
the  insertion  of  the  instrument  into  the  tube,  the  capsule  is 
*  Translation  edited  by  Sir  W.  Dalby,  p.  304. 
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inflated  through  repeated  pressure  of  air  into  the  catheter."  The 
lateral  pressure  upon  the  vessels  of  the  mucous  membrane 
diminishes  the  amount  of  blood  contained  therein,  and  reduces, 
the  swelling. 

For  constrictions  which  do  not  yield  to  other  methods  of  dilata- 
tion, and  when  an  organic  stricture  is  supposed  to  exist,  Politzer 
considers  that  the  introduction  of  a  bougie  into  the  Eusta- 
chian tube  is  advisable  for  the  completion  of  the  diagnosis,  and  as 
a  method  of  treatment.  He  uses,  as  a  general  rule,  bougies  of 
silkworm  gut,  slighth'  club-shaped  at  the  extremity.  For  severe 
constrictions  he  prefers  the  whalebone  instruments  recommended 
by  Dr.  Suarez  di  Mendoza.  These  are  highly  polished  and 
rounded,  and,  in  consequence  of  their  greater  resistance,  pass 
more  easily  through  the  constricted  portion.  Each  series  contains- 
eleven  bougies,  the  ends  of  which  vary  in  size  up  to  1mm.  In 
order  to  provide  for  continuous  dilatation  of  the  Eustachian  tube^ 
Dr.  di  Mendoza  has  invented  a  catheter,  which  is  divided  into 
two  parts  lengthwise.  "After  the  introduction  of  the  bougie,  one 
part  of  the  catheter  is  first  removed  from  the  nose,  then  the  bougie 
is  lifted  out  by  gentle  lateral  pressure  of  the  now  open  second 
half,  which  is  also  removed.  The  projecting  piece  of  the  bougie 
is  cut  off  close  to  the  nostril,  and  remains  twenty-four  hours  in 
the  tube." 

Politzer's  opinion  with  regard  to  this  method  of  treatment  has 
been  already  stated.  He  admits  that  permanent  improvement  is 
very  rare ;  that  in  many  cases  no  dilatation  is  efiected,  and  that 
aggravation  of  the  local  troubles  is  not  unusual. 
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CHAPTER  YI. 

METHODS   OF  TREATMENT. 

Syringing  the  Ear  —  Method  of  Performing  —  Symptoms  occasionally 
Caused — Application  of  Heat  and  Cold  to  the  Ear — The  Introduction 
of  Medicated  Solutions  into  the  Meatus — The  Insufflation  of  Remedies 
in  the  Form  of  Powders — The  Air-Douche  and  Injections  through 
the  Eustachian  Tube — The  Injection  of  Vapours  and  Gases  through 
the  Eustachian  Tube. 

In  order  to  avoid  repetition  in  subsequent  chapters,  it  seems 
desirable  to  give  an  account  of  those  methods  of  treatment  which 
are  applicable  to  many  diseases  of  the  ear,  and  are  therefore 
frequently  employed.  These  methods  include  (1)  Syringing  the 
auditory  canal ;  (2)  The  application  of  heat  and  cold  to  the  ear 
and  adjacent  parts ;  (3)  The  introduction  of  medicated  solutions 
into  the  meatus ;  (4)  The  insufflation  of  powders ;  (5)  The  air- 
douche  and  injections  through  the  Eustachian  tubes. 

(1)  Syringing  the  Ear. — The  syringe  is  often  used  for  the 
removal  of  foreign  bodies  and  of  accumulated  ceruminous  and 
purulent  secretion.  The  meatus  should  be  thoroughly  examined 
before  having  recourse  to  the  syringe,  for  much  injury  may  be 
done  if  there  be  nothing  to  remove  or  if  perforation  of  the  mem- 
brane exist.  Syringes  in  common  use  are  made  of  glass,  metal, 
and  vulcanite.  Glass  and  vulcanite  syringes  are  fragile,  and  apt 
to  get  out  of  order  ;  a  syringe  made  of  brass  is,  on  the  whole,  the 
best  (Fig.  54) ;  it  should  hold  from  three  to  four  ounces.  The 
ordinary  instrument  is  too  well  known  to  require  minute  descrip- 
tion ;  the  ring  e,  Fig.  54,  at  the  end  of  the  piston,  should  admit 
the  thumb  comfortably;  the  cap  of  the  cylinder  has  rings,  d,  d, 
for  the  first  and  second  fingers.  The  piston  should  be  freely 
movable,  while  fitting  closely  into  the  cylinder.  The  nozzle,  a, 
should  be  about  an  inch  and  a  half  long,  and  somewhat  slender. 
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If  thick  or  very  bulbous  at  tlie  extremit}',  it  takes  up  too  much 
room  in  the  meatus,  and  prevents  the  ready  escape  of  the  fluid 
after  injection. 

I  alwaj^s  use  a  syringe  with  a  nozzle  attached  by  a  bayonet 
joint,  c,  and  remove  the  nozzle  before  filling  the  syringe.  For 
this    arrangement   the    profession    is   indebted   to   the    late   Mr. 


Gardiner  Brown. 


The  advantages  of  this  method  are  that  the 


Fig.  o4. 

SvRi.vciK,  WITH  Nozzles  Fitted  with  Bavoxet  Joint. 

sja^inge  is  filled  far  more  quickly,  on  account  of  the  greater  size 
of  the  aperture  in  the  neck,  (j,  and  thus  the  entrance  of  air  into 
the  sjT-ringe  is  almost,  if  not  entirel}',  prevented,  as  the  suction 
is  materially  diminished  by  the  freedom  with  which  the  water 
enters.  For  some  years  past  I  have  used  a  curved  nozzle,  h, 
Fig.  54,  and  find  it  in  most  cases  more  convenient  than  a  straight 
one.     It  is  best  to  direct  the  stream  of  water  a£>"ainst  the  roof  of 


Fig.  •>"). 

Gardiner  Brown's  Ear  Trough. 

the  meatus ;  and  by  using  a  curved  nozzle  this  can  be  done 
without  the  syringe  coming  into  contact  with  the  outer  side  of 
the  trough.  Care  should  be  taken  to  keep  the  syringe  as  clean 
as  possible.  The  fatty  matter  used  to  lubricate  the  piston  may 
become  decomposed  owing  to  the  development  of  fungi,  and  these 
latter,  if  injected  into  the  ear.  might  set  up  disease.  The  piston 
should  often  be  placed  in  carbolic  solution,  and  lubricated  with 
carbolised   vaseline.      For   a   patient's    own    use  —  for   removing 
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purulent   secretion  —  I    recommend  a  small  bottle-shaped  india- 
rubber  enema   syringe,  fitted  with  a  bone  nozzle. 

To  catch  the  fluid  after  injection,  a  bowl  made  of  vulcanite, 
shaped  to  fit  closely  to  the  side  of  the  neck  below  the  ear.  may 
be  used ;  but  I  much  prefer  the  ear-trough  (Fig.  55).  devised  by 
the  late  Mr.  Gardiner  Bro^^•n,*  or  its  modification  (Fig.  57)  made 
by  Messrs.  Mayer  &  Meltzer.  The  patient  should  be  directed 
to  hold  the  trough  with  the  hand  of  the  opposite  side  to  the  ear 


Fig.  56. 

Ear  Trol  (tH  i\  Use. 

which  is  being  syringed,  as  shown  in  Fig.  56  ;  by  so  doing  the 
trough  is  kept  more  closely  to  the  side  of  the  head.  The  water 
used  for  injection  should  invariably  be  warm,  the  best  tempera- 
ture being  between  100^  and  105"  Fahrenheit,  as  this  allows  for 
the  slight  loss  of  heat  which  occurs  whilst  the  water  is  passing 
through  and  from  the  syringe,  and  leaves  the  water  sufficiently 
warm  to  be  comfortable  to  the  patient. 

*  Gardiner  Brown's  ear  trough  maybe  obtained  from  G.  F.  Ellis,  64,  Southville, 
Wandsworth  Road,  S.W. 
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Method  of  Using  the  Syringe. — Sj^ringing  the  ear  should  be 
effected  in  the  following  manner: — The  patient  should  be  so 
placed  that  the  light  from  a  window  falls  directh'  upon  the  ear, 
and  he  should  always  be  seated,  because  sp-inging  the  ear  is 
liable  to  produce  giddiness,  and  may  even  cause  the  patient,  if 
standing,  to  fall.  The  patient  should  hold  the  bowl  or  trough  in 
such  a  manner  as  to  prevent  the  fluid  from  running  down  the 
neck  and  wetting  the  clothes.  The  syringe  having  been  filled, 
it  is  well  to  turn  the  nozzle  upwards  and  press  upon  the  piston  so 
as  to  force  out  any  air  which  the  cylinder  ma}'  contain.  With 
the  left  hand,  the  surgeon  should  then  draw  the  auricle  upwards, 
backwards,  and  outwards,  so  as  to  straighten  the  canal  as  much  as 
possible.  He  should  then  place  the  nozzle  of  the  syringe  just 
within  the  meatus,  and  against  its  upper  and  posterior  part,  and 


Fig.  o7. 

MAYhR  k  Meltzer's  Modification-  ok  GaRdixer  Browx's  Ear  TrocctH. 


steady  the  syringe  by  resting  its  shoulder  against  the  thumb  of 
the  hand  which  is  holding  the  ear  before  pressing  the  piston 
home.  By  thus  steadying  the  syringe,  not  only  is  greater  power 
and  accuracy  obtained  in  directing  the  stream  of  water,  but 
injury  to  the  meatus  is  prevented  should  the  patient  suddenty 
move  his  head,  because  when  thus  held  the  head  and  syringe 
move  together.  It  is  well  to  direct  the  fluid  against  the  wall  of 
the  canal,  and  not  against  the-membrana  tympani,  and  it  is  also 
advisable  to  begin  with  a  very  gentle  current,  and  gradually  to 
increase  the  force.  In  dealing  with  nervous  patients,  the  water 
should  be  injected  into  the  concha  for  a  few  seconds,  as  a  prelimi- 
nary procedure. 
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Symptoms  occasionally  Caused. — Syringing  the  ear.  even  when 
carefully  performed,  sometimes  causes  giddiness,  nausea,  and 
other  unpleasant  symptoms.  These  are  mainly  due  to  increased 
pressure  upon  the  structures  of  the  labyrinth,  and  are  apt  to  be 
severe  when  perforations  exist  in  the  membrane,  so  that  the  fluid 
can  act  directly  upon  the  fenestras.  If  apertures  likewise  exist  in 
the  external  wall  of  the  labyrinth,  the  severity  of  the  symptoms 
will  be  much  increased.  Besides  giddiness  and  nausea,  symptoms 
of  meningitis  have  been  known  to  supervene.  Dr.  Roosa*  has 
reported  a  case  in  which  severe  syncope  was  caused  by  very 
gentle  syringing  of  the  ear.  The  patient,  however,  was  liable  to 
faint  under  the  least  excitement.  Convulsive  movements,  and 
noises  in  the  ears  lasting  for  some  time,  have  been  noticed  in  a 
few  cases.  All  these  untoward  symptoms  are  more  likely  to 
occur  when  cold  water  is  employed.  As  a  general  rule,  if  proper 
care  be  taken,  sj'ringing  is  very  well  tolerated. 

After  syringing,  the  ear  should  be  examined  in  order  to  see 
whether  success  has  been  achieved,  and  also  to  note  the  condition 
of  the  meatus.  The  canal  should  then  be  thoroughly  dried  and 
closed  with  a  plug  of  cotton-wool.  To  ensure  the  removal  of  all 
fluid,  the  patient  should  bend  his  head  to  the  side,  and  the 
meatus  should  be  afterwards  cleansed  bj'  pieces  of  absorbent 
cotton-wool  introduced  with  aural  forceps  or  the  cotton  holder. 
Other  special  details  with  regard  to  syringing  will  be  found  in 
subsequent  chapters. 

(2)  The   Application  of  Heat  and  Cold  to  the  Ear 

and  Adjacent  Parts. — A  douche  of  warm  water  to  the  meatus 
is  of  great  service  in  cases  of  diffuse  inflammation  of  that  part, 
and  in  acute  and  chronic  catarrh.  A  syphon  arrangement,  with  a 
piece  of  rubber  tubing  and  a  jug  of  warm  water,  will  answer  all 
requirements ;  but  the  I  aj^ette  Ta3'lort  aural  douche,  recom- 
mended by  Roosa,  is  still  more  convenient.  This  apparatus 
consists  of  an  ear-piece,  with  two  holes  bored  through  it,  one 
lying  above  the  other.  Fitted  into  these  holes  are  two  tubes, 
one  ascending  and  passing  into  the  vessel  containing  the  fluid, 
and  the  other  passing  downwards  into  a  basin.  At  the  smaller 
end  of  the  ear-piece,  the  division  between  the  holes  is  cut  back 
about  one-eighth  of  an  inch,  so  that  by  placing  the  finger  over 

*  Archives  of  Otology,  vol.  ix.  p.  16. 

t  Ibid.^  vol.  viii.  p.  355,  and  Koosa's  Diseases  of  the  Ear,  p.  129. 
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this  end,  one  continuous  passage  is  formed  from  the  top  to  the 
bottom.  The  upper  extremity  of  the  tube  is  funnel-shaped.  The 
finger  is  placed  over  the  small  end  of  the  ear-piece,  and  the  tube 
is  filled  with  water;  the  funnel-end  is  then  dropped  into  the 
jug.  The  tubes,  just  as  they  enter  the  ear-piece,  are  next  com- 
pressed, so  as  to  arrest  the  How,  the  finger  is  removed  from  the 
end,  and  the  ear-piece  is  inserted  into  the  auditory  canal. 
Pressure  is  then  withdrawn  from  the  tubes,  and  the  water 
immediately  flows  into  and  out  of  the  meatus.  Thus  a  current  of 
water  is  caused  to  flow  steadily  over  the  walls  of  the  canal,  and 
the  surface  of  the  membrana  tympani.  In  most  cases  the  effect 
of  the  warm  water  is  very  grateful  to  the  patient. 

Warm  poultices  and  hot  fomentations  are  sometimes  used  in 


Fig.  o8. 
Leitisr's  Apparatus  for  AppLYiN(i  Cold  to  the  Mastoid  Process.    (Politzer.) 


the  treatment  of  external  otitis,  whether  diffused  or  circumscribed. 
They  relieve  pain  and  tension,  but  t\\ej  are  liable  to  cause  relaxa- 
tion, softening,  and  ulceration  of  the  deep  part  of  the  canal,  and  of 
the  membrana  tympani.  Moreover,  their  prolonged  use  stimulates 
the  development  of  granulations,  especially  in  cases  of  abscess  of 
the  meatus.  A  sponge  dipped  in  hot  water  and  wrung  out. 
and  frequently  renewed,  will  answer  the  purpose  of  a  poultice. 
Another  simple  method  of  applying  warmth  and  moisture  is  to 
pour  warm  water  into  the  affected  ear  and  allow  it  to  remain  for  a 
few  minutes.  This  should  be  kept  up  for  half  an  hour  or  longer, 
and  repeated  every  three  or  four  hours. 
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Cold  may  be  applied  to  the  ear  in  several  ways,  either  to  lessen 
the  heat  of  inflamed  parts  or  to  cause  contraction  of  the  bk)0(l- 
vessels  and  lessen  the  supply  of  blood.  For  acute  inflammation  of 
the  external  or  middle  ear,  cold  may  be  applied  by  means  of  folds 
of  linen  previously  dipped  in  water  at  a  temperature  of  45"  Fah. 
and  wrung  out.  A  plug  of  cotton  wool  should  flrst  be  introduced 
into  the  meatus.  To  produce  a  decided  effect,  the  linen  must  be 
re-dij^ped  in  the  water  every  few  minutes.  For  cases  of  severe 
inflammation,  recourse  may  be  had  to  Leiter's  coil  (Fig.  58)  or  an 
ice-bag.  To  excite  contraction  of  the  carotid  arterj^,  Urbantschitsch* 
recommends  Winternitz's  india-rubber  neck-bag,  through  which 
water  is  kept  flowing.  Pounded  ice,  wrapped  in  a  handkerchief 
and  applied  to  the  front  and  sides  of  the  neck,  answers  the  same 
purpose.  Cold  thus  applied  for  some  minutes  reduces  the  tem- 
perature of  the  external  meatus. 

(3)  The  Introduction  of  Medicated  Solutions  into  the 

Meatus. — Liquid  remedies  may  be  introduced  into  the  auditory 
canal  either  by  pouring  them  directly  from  the  receptacle  in  which 
the}'  have  been  warmed,  or  by  saturating  a  piece  of  cotton-"\\'ool 
and  using  the  aural  forceps.  This  latter  method  is  sometimes  em- 
ployed in  the  treatment  of  diseases  of  the  external  meatus.  Before 
introducing  the  liquid,  the  meatus  should  be  properly  cleansed, 
either  by  syringing  or  with  cotton-wool,  and  if  by  the  former 
method,  the  meatus  must  be  carefully  dried.  The  fluid  should 
alwaj^s  be  warmed  before  introduction,  and  this  is  best  done  by 
putting  the  requisite  quantity  into  a  small  test-tube,  and  then 
placing  the  test-tube  in  water  of  the  required  temperature.  The 
practice  of  warming  drops  in  a  spoon  over  a  candle  or  lamp  is 
liable  to  result  in  the  ear  being  scalded,  because  the  degree  to 
^^'hich  the  drops  have  been  heated  cannot  be  estimated.  If  a  test- 
tube  is  not  at  hand,  a  small  phial  may  be  used  instead.  Tf  it  be 
desired  to  affect  only  the  tympanic  cavity,  five  to  ten  drops  will 
be  sufficient ;  but  to  act  on  the  meatus  twenty  drops  or  more  will 
be  required,  according  to  its  size. 

The  patient's  head  should  be  in  such  a  position  that  the 
affected  ear  is  directed  upwards,  and  the  auricle  should  be  drawn 
upwards,  backwards,  and  outwards.  If  the  object  be  to  act  upon 
the  middle  ear,  in  cases  of  perforation  of  the  membrane,  the  fluid 
may  be  forced  inwards  by  making  pressure  on  the  tragus.  The 
*  Lehrhucli  der  OhrenheWnnide,  Dritte  Auii.,  S.  48. 
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attempt,  however,  is  not  always  successful,  even  when  a  large 
perforation  exists.  Gruber's*  experiments  show  that,  under  the 
above  circumstances,  fluids  instilled  into  the  auditory  meatus  pass 
easily  into  the  tympanum,  provided  that  the  structures  of  the 
external  and  middle  ear  are  otherwise  normal.  Liquids  thus 
introduced  escape  through  the  Eustachian  tube  without  entering 
the  mastoid  cells,  if  the  head  of  the  patient  be  bent  over  as  usual 
towards  the  opposite  shoulder.  When  the  Eustachian  tube  is 
completely  occluded,  and  perforation  exists  in  the  membrane,  a 
portion  of  the  fluid  can  enter  the  tjTiipanum,  if  there  be  sufiicient 
space  for  its  reception,  and  if,  at  the  same  time,  the  mastoid  cells 
are  accessible  and  contain  air.  Some  of  the  fluid  may  pass  into 
those  cavities,  the  air  being  either  displaced  or  compressed.  If 
with  an  aperture  existing  in  the  membrane,  the  liquid  introduced 
into  the  tympanic  cavity  does  not  escape  through  the  Eustachian 
tube  when  the  head  is  inclined  towards  the  opposite  shoulder,  it 
may  be  inferred  that  obstruction  exists  either  in  the  tympanum  or 
in  the  tube  itself. 

When  a  perforation  exists  in  the  membrane,  fluids  may  be 
driven  into  the  tympanum,  and  through  the  Eustachian  tube,  by 
the  plan  suggested  by  Politzer.  After  pouring  the  liquid  into  the 
meatus,  the  nozzle  connected  with  the  tube  of  an  air-bao-  is  fitted 
closely  into  the  aperture.  On  compressing  the  bag,  the  air  and 
the  fluid  are  forced  into  the  tympanum  and  through  the  Eustachian 
tube,  if  the  latter  be  permeable. 

Solutions   introduced  into  the   meatus   should  be  allowed  to 

remain  for  several  minutes,  and  then  removed  either  bv  bendino- 

>  o 

the  head  towards  the  affected  side,  or  by  introducing  absorbent 
wool  into  the  meatus.  A  plug  of  wool  should  be  inserted  after 
the  parts  have  been  thoroughly  dried. 

(4)  The   Insufflation    of  Remedies   in  the  Form  of 

Powders. — Drugs  intended  to  be  used  by  insufflation  should  be 
reduced  to  verij  line  poirder,  for  otherwise  they  are  liable  to  irri- 
tate the  parts  and  form  masses  which  may  obstruct  the  canal. 
Thorough  cleansing  and  drying  are  necessary'  before  insufflation. 
The  simplest  instrument  for  this  purpose  consists  of  a  glass  tube 
or  portion  of  a  quill,  to  one  end  of  which  a  piece  of  india-rubber 
tubing  may  be  attached  with  advantage.  The  powder  may  be 
blown  into  the  auditory  canal,  either  by  the  mouth  or  with  the  aid 
*  Zeitschrift  fur  Praktische  He'dkuiide,  1864. 
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of"  an  india-rubber  bag.  Some  3'ears  ago  the  author  contrived  the 
insufflator*  shown  at  Fig.  59.  It  consists  of  a  vulcanite  tube  four 
inches  in  length,  having  attached  to  one  end  a  piece  of  india- 
rubber  tubing  about  fifteen  inches  long  fitted  with  a  mouthpiece. 
(L  There  is  an  aperture,  a,  in  the  tube  for  introducing  the  powder, 
and  a  sliding  ring,  l>,  which  covers  the  aperture  as  shown  at  //. 
There  is  a  valve  between  the  aperture  a  and  the  india-rubber 
tubing  to  prevent  powder  being  drawn  by  accident  into  the  mouth. 
The  length  of  tubing  mentioned  enables  the  instrument  to  be  used 
either  as  an  insufflator  or  as  an  auto-insufflator. 


Fig.  o9. 


THIi  AlTH'JR'.S  AlKAL  AlTO-lNSLFFUk.TOR,      (Half  Size.) 


(o)  The    Air-Douche    and    Injections    through    the 

Eustachian  Tube. — The  various  methods  of  inflating  the  middle 
ear  have  already  been  described;  they  are  frequently  employed  in 
the  treatment  of  aural  diseases.  The  principal  purposes  which 
they  subserve  are  : — The  ventilation  of  the  tympanum,  the  resto- 
ration of  the  membrane  and  chain  of  bones  to  a  normal  position 
in  cases  in  which  these  structures  have  been  unduly  pressed 
inwards,  and  the  scattering  and  removal  of  secretion  from  the 
tympanum.  The  reasons  for  selecting  any  particular  method  will 
be  given  in  the  chapters  dealing  with  those  diseases  to  which 
these  methods  are  applicable.  It  is  sufficient  to  repeat  the 
remark  that  when  liquids  or  vapours  are  to  be  introduced  through 
the  Eustachian  tube  into  the  middle  ear,  the  catheter  is  generally 

*  The  insufflator  may  be  obtained  from  Messrs.  Mayer  &  Meltzer,  71,  Great 
I'ortland  Street,  London. 
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iiulispensahle.  It  must,  however,  be  borne  in  mmd  that  fluid 
sliould  never  be  injected  into  the  tympanum  unless  there  is  a 
perforation  in  tlie  nienil)rana  tympani  to  allow  of  its  escape. 

When  fluids  are  to  be  introduced  into  the  tympanum,  a  small 
syringe  is  required  in  addition  to  the  catheter  and  air-bao-.  The 
catheter,  of  moderate  size,  is  introduced  in  the  ordinary  way.  and 
passed  well  into  the  Eustachian  tube.  Air  is  then  forced  in  so  as 
to  distend  the  tube,  and  to  demonstrate  that  the  instrument 
is  in  the  right  position.  Eight  or  ten  minims  of  the  solution 
previously  warmed  are  then  injected  into  the  catheter  by  the  aid 
of  the  syringe ;  the  air-bag  is  again  used  to  force  a  stream  of  air 
through  the  catheter,  and  the  fluid  is  thus  driven  in  the  form 
of  a  spray  into  the  tympanic  cavity.  The  quantity  which 
reaches  the  tympanum  depends  on  the  condition  of  the  walls 
of  the  cavity  and  of  the  Eustachian  tube,  and  on  the  force  with 
which  the  fluid  is  injected.  It  is  also  dependent  upon  the  dis- 
tance to  which  the  catheter  is  passed.  If  the  point  of  the 
instrument  is  not  placed  well  against  the  orifice  of  the  tube,  the 
greater  portion  of  the  injected  liquid  will  escape  into  the  pharynx. 
The  passage  of  fluid  into  the  tympanic  cavity  can  be  recognised 
by  auscultation  ;  bubbling  or  crackling  rales  are  heard,  and  appear 
to  originate  close  to  the  ear  of  the  listener. 

Fluids  may  likewise  be  forced  through  the  Eustachian  tube 
without  using  the  catheter,  but  there  are  various  difiiculties  and 
dangers  connected  with  all  the  methods  that  have  been  proposed. 
Without  a  catheter  it  is  all  but  impossible  to  limit  the  injection  to 
one  tube,  and  to  regulate  the  quantity  of  fluid  which  passes  to  the 
tympanic  cavities.  The  consequences  of  an  excess  are  apt  to  be 
very  serious ;  violent  inflammation  of  the  middle  ear  has  been 
thus  caused,  and  in  other  cases  the  injection  has  produced  intense 
pain,  severe  giddiness,  and  syncope. 

Professor  G ruber,  however,  recommends  a  plan  whereby  fluids 
can  be  conveyed  into  the  Eustachian  tubes  without  the  use  of  the 
catheter.  He  points  out  that  in  cases  in  which  the  naso-pharynx 
is  seriously  affected,  the  introduction  of  the  catheter  is  likely  to 
cause  much  irritation,  which  aggravates  the  condition  of  the  middle 
ear,  and  may  thus  counteract  any  benefit  resulting  from  the 
injection.  He  uses  a  syringe  capable  of  containing  about  three 
ounces,  and  with  an  olive-shaped  nozzle  sufl&ciently  large  to 
})ermit    the    nostril    to    be    completely  closed  after    its    insertion. 
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Havino-  filled  the  yvringe.  the  surgeon  raises  the  tip  of  the  nose 
Avith  his  left  thnml).  and  inserts  the  no/zle  within  one  nostril, 
while  closino-  the  other  with  his  left  index  finovr.  The  svrinp-e. 
held  horizontally,  is  then  emptied  with  the  requisite  amount  of 
force.  The  soft  palate  is  instinctively  made  tense,  so  as  to  shut 
off  the  naso-pharynx  below,  and  the  tongue  is  drawn  back,  so  as 
to  close  the  passage  more  firmly.  The  liquid  which  enters  the 
post-nasal  space  flows  round  towards  the  opposite  Eustachian 
orifice,  and  so  into  the  other  side  of  the  nose.  If  the  latter  be 
closed,  the  liquid,  under  the  pressure  employed,  passes  through 
the  Eustachian  tube,  when  patent,  towards  the  middle  ear.  I*ro- 
fessor  Gruber  claims  that  this  method  is  especially  suitable  for 
children,  but  the  author  is  of  opinion  that  it  ought  not  to  be 
employed  unless  the  membrana  tympani  on  each  side  is  largely 
perforated. 

The  same  authority  asserts  that  licjuids  may  be  introduced 
into  one  Eustachian  tube  by  the  following  process  :  The  patient 
bends  his  head  over  towards  the  shoulder  of  the  same  side  as  the 
ear  to  be  treated,  and  inclines  his  face  somewhat  downwards. 
From  thirty  to  fifty  drops  of  the  fluid  are  then  introduced  into 
the  lower  nasal  meatus  of  the  affected  side  b}'  means  of  a  small 
syringe.  As  the  latter  is  withdrawn,  the  surgeon  closes  the 
nostrils  with  his  finger  and  thumb,  and  directs  the  patient  to 
make  a  forcible  expiration  with  the  mouth  closed,  as  in  A'alsalva's 
method.  A  portion  of  the  injected  fluid  will  pass  into  the  mouth 
of  the  Eustachian  tube  on  the  lower  side. 

If  there  be  a  perforation  in  the  tympanic  membrane  on  each 
side.  Gruber's  method,  and  a  somewhat  similar  plan  recommended 
by  Politzer.  may  be  advantageously  employed  in  some  cases.  If, 
however,  there  be  a  perforation  only  on  one  side,  a  catheter 
ought  to  be  used,  by  the  aid  of  which  it  is  often  possible  to  wash 
out  the  tympanum  more  thoroughh'  than  can  be  accomplished  by 
syringing  the  meatus.  The  catheter  used  for  this  purpose  should 
be  somewhat  sharply  curved,  and  introduced  as  far  as  possible  into 
the  tube.  Air  should  be  first  injected  in  order  to  ascertain  that 
the  catheter  is  in  the  proper  position  ;  the  nozzle  of  the  syringe 
is  then  introduced  into  the  mouth  of  the  catheter,  and  the  fluid  is 
slowly  injected.  There  is  sometimes  considerable  resistance  to 
the  passage  of  the  fluid,  but  with  a  little  practice  it  may  often  be 
driven   in   a   continuous  stream  from   the  external  meatus.     The 
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])assage  ot  the  fluid  is  facilitated  by  causing  the  patient  to  make 
several  swallowing  movements. 

The  Injection  of  Vapours  and  Gases  through  the  Eustachian 
Tube. — Steam  is  sometimes  injected  into  the  middle  ear  in  cases 
of  chronic  adhesive  inflammation.  The  apparatus  required  is  as 
follows  :  A  spirit  lamp  and  a  flask  half-filled  with  water,  and 
having  in  its  cork  or  stopper  two  holes,  for  the  reception  of  two 
glass  tubes  ;  a  piece  of  flexible  rubber  tubing  is  attached  to  the 
outer  end  of  each  tube.  It  is  well  to  make  another  small  opening 
in  the  cork  to  provide  for  the  escape  of  superfluous  steam. 
An  air-bag  is  connected  with  the  free  end  of  one  of  the  rubber 
tubes  ;  the  end  of  the  second  tube  terminates  in  a  nozzle  adapted 
to  the  Eustachian  catheter,  which  should  be  made  of  ^'^llcanite. 
The  steam  is  driven  into  the  catheter  by  compressing  the  bag 
somewhat  quickly,  and  after  each  injection  the  nozzle  should  be 
removed  from  the  catheter.  Dr.  Hoosa*  recommends  the  com- 
bined vapours  of  iodine  and  camphor.  He  adds  two  drachms  of 
the  latter  to  two  ounces  of  tincture  of  iodine,  in  a  wide-mouthed 
flask.  Two  tubes  pass  through  the  cork  ;  one  of  these  reaches 
nearly  to  the  surface  of  the  liquid,  while  its  other  extremity  is 
attached  to  an  air-bag.  The  other  tube  just  passes  through  the 
cork  ;  its  other  end  is  fitted  with  a  nozzle  adapted  to  the 
Eustachian  catheter.  The  patient  holds  the  apparatus  in  his 
hand,  while  the  surgeon  forces  the  vapour  into  the  mouth  of  the 
catheter. 

The  vapour  of  chloride  of  ammonium  has  been  used  b}'  some 
surgeons ;  it  was  introduced  for  this  purpose  by  v.  Troltsch. 
The  apparatus  he  devised  consists  of  three  flasks,  connected  with 
each  other  by  glass  tubes.  The  flasks  contain  respectively  strong 
ammonia,  hydrochloric  acid,  and  acidulated  water.  When  air 
is  driven  into  the  two  first  bottles,  it  conveys  the  vapours  to  the 
third,  where  the  chloride  of  ammonium  is  generated.  A  tube 
leading  from  this  bottle  carries  the  vapour  to  the  mouth  of  a 
catheter  in  the  Eustachian  tube.  Various  other  apparatus  for  the 
generation  of  chloride  of  annnonium  vapour  may  be  obtained 
from  instrument  makers.  When  chloride  of  ammonium  vapour  is 
used  care  should  be  taken  that  it  is  thick  and  neutral,  both  of 
which  conditions  will  be  obtained  if  the  acid  and  ammonia  are 
properly  mixed. 

*   Treatise  on  Diseancs  of  the  Ear,  p.  401. 
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Air  impregnated  with  the  vapours  of  oether.  chloroform,  and 
turpentine,  is  sometimes  injected  into  the  middle  ear.  The  method 
of  procedure  is  very  simple.  A  small  (juantity  of  the  fluid  is 
poured  into  a  bottle  and  gently  warmed.  The  nozzle  of  an  air- 
bag  which  has  been  compressed  is  then  placed  in  the  neck  of  the 
bottle,  and  the  bag  is  allowed  to  expand.  The  air  thus  charged 
with  the  vapour  is  then  injected  into  the  catheter  in  the  ordinary 
way. 

In  using  vapours  of  any  kind  in  the  manner  above  described, 
care  must  be  taken  that  they  are  not  too  hot,  and  that  they  are 
not  likelv  to  irritate  the  throat  or  ear. 
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CHAPTEE   YII. 

DISEASES  OF  THE  EXTERNAL  EAR. 
MALFORMATIONS  OF  THE  AURICLE  AND  EXTERNAL  MEATUS. 

Congenital  malformations  and  defects  of  various  kinds  not  in- 
frequently occur  in  the  external  ear.  They  may  be  described 
under  the  headings  of  absence,  defective  development,  plurality, 
abnormal  size  and  shape  of  the  auricles  and  meatus,  and  abnormal 
positions. 

Complete  Absence  of  the  Auricle  is  a  very  rare  condition ; 
on  the  other  hand,  malformations  due  to  defective  development 
are  somewhat  common  and  of  very  various  degrees.  Tliey  may  be 
comparatively  inconspicuous,  and  take  the  form  of  stunted  de- 
velopment of  some  portion  of  the  auricle ;  or  the  latter  may  be 
quite  rudimentary,  and  represented  only  by  a  fold  of  integument 
and  a  fragment  of  cartilage.  Between  these  extremes  there  are 
many  intermediate  forms.  Examples  of  defective  development  of 
the  helix  and  lobule  are  most  common  among  insane  persons. 
The  defects  may  be  either  bilateral  or  confined  to  one  side ;  but 
a  rudimentary  auricle  on  each  side  is  rarely  noticed. 

Incomplete  development  of  the  external  ear,  when  of  a  marked 
character,  very  seldom  exists  alone.  It  is  generally  associated 
with  deficiency  or  absence  of  the  tympanic  ring,  and  therefore  of 
the  osseous  portion  of  the  meatus,  and  with  imperfect  development 
of  the  tympanum  and  ossicles.  In  some  cases  there  is  no  trace  of 
a  meatus  ;  in  others  there  is  only  a  short  and  blind  passage. 
Serious  abnormalities  of  the  external  ear  aiv  likewise  apt  to  be 
connected  with  defective  development  of  the  lower  and  upper  jaw, 
and  of  the  sphenoid  and  palate  bones.  Hare  lip  and  cleft  palate 
are  not  uncommon  in  such  cases,  and  unilateral  malformations  are 


I 


SUPERXUMEKARY  AURICLES.  147 

often  associated  with  defective  symmetry  of  the  two  sides  of  the 
skull. 

Supernumerary  Auricles  and  multiplicity  of  various  por- 
tions are  not  uncommon.  Wilde  cites  the  case  of  "  a  child  with  four 
ears,  two  naturally  placed  and  two  lower  down  on  the  neck ;  there 
were  in  this  instance  two  petrous  portions  in  each  temporal  bone." 
A  similar  case  is  reported  by  Mr.  Birkett.*  A  young  girl,  in 
addition  to  irregularities  in  her  ears,  had  on  each  side,  over  the 
middle  of  the  sterno-mastoid  muscle,  a  large  growth  resembling 
the  lobule  of  the  ear,  and  containing  fibro-cartilage  and  a  small 
artery.  According  to  Sir  J.  Paget,  supernumerary  auricles  are 
found  only  over  the  lines  of  former  branchial  fissures,  and  may  be 
considered  as  cutaneous  opercular  gro^\i■hs,  homologous,  though 


Fig.  60. 

Malformation  of  the  Airiclk.     {Gruber.) 

abnormally  with  the  natural  auricles,  which  guard  the  first  cleft. 
Supernumerar}'  portions,  termed  auricular  appendices,  are  most 
often  found  near  the  tragus  and  lobule.  This  latter  part  some- 
times presents  a  perpendicular  cleft,  extending  from  its  apex. 
Absence  of  a  definite  anterior  border  to  the  lobule  is  often 
noticeable. 

Abnormal  Size  and  Shape  of  the  Auricles. — In  one 

class  of  cases  one  or  both  auricles  are  excessiveh'  large  ;  in 
another,  an  opposite  condition  is  noticed.  Symmetrical  enlarge- 
ment of  the  whole  auricle  is  comparatively  rare ;  but  increased 
size  of  various  portions  is  not  uncommon,  and  may  be  artificially 
*  Trans,  of  Path.  Soc,  185^,  vol.  ix.  p.  448. 
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induced.  Thus,  liypertrophy  of  the  lobule,  often  seen  in  women  in 
Eastern  countries,  is  the  result  of  wearing  heavy  earrings.  A 
very  small  auricle  is  sometimes  met  with,  either  having  all  its 
parts  perfect,  or  more  or  less  defective.  Sometimes  the  ear 
resembles  that  of  an  animal. 

Anomalies  of  position. — Mention  has  been  already  made  of 
those  cases  in  which  the  auricle  is  attached  to  the  neck,  side  of 
the  face,  &c.  In  another  class  of  cases,  the  auricle  is  normally 
attached  to  the  head,  but  the  expanded  part,  instead  of  lying 
more  or  less  close  to  the  head,  stands  out  almost  at  a  right 
angle.  In  an  opposite  class,  the  auricle  is  adherent  to  the  side 
of  the  head. 

Malformations  of  the  External  Meatus  are  often  accom- 
panied by  similar  conditions  of  the  auricle  and  tympanum.  The 
passage  may  be  entirely  absent,  or  represented  only  by  a  blind 
cleft  or  fissure,  or  by  several  minute  canals.  In  another  class  of 
cases  there  are  two  distinct  auditory  passages,  either  communi- 
cating with  each  other  or  remaining  separate.  In  one  recorded 
instance,  the  supernumerary  passage  was  behind  the  auricle,  and 
extended  to  the  tympanic  membrane.  Diminished  calibre  of  the 
meatus  is  frequent  among  deaf  and  dumb  children.  A  similar 
condition  of  the  cartilaginous  meatus  sometimes  occurs  in  old  age, 
and  is  due  to  relaxation  of  the  part,  and  especially  of  those  fibres 
by  which  the  membranous  portion  is  attached  to  the  squamous 
bone.  Projections  in  the  wall  of  the  meatus  likewise  diminish  its 
calibre,  and  the  same  result  is  produced  by  chronic  inflammatorj^ 
conditions  leading  to  thickening  of  the  walls,  by  cicatricial  con- 
traction, and  various  morbid  growths.  Acquired  atresia  may  be 
due  to  chronic  eczema  of  the  meatus,  as  in  a  case  recorded  by 
Professor  Moos.* 

Dr.  Eugen  Joelf  has  collected  eleven  carefully  recorded  cases 
of  conofenital  closure  of  the  meatus.  In  almost  everv  instance  the 
osseous  portion  of  the  auditory  canal  was  represented  by  a  mass  of 
compact  or  cancellous  tissue  ;  occasionally  a  small  defect  in  the 
bone  could  be  observed,  and  in  some  specimens  a  narrow  fissure 
led  into  the  tympanum.  In  most  cases  the  rudimentary  auricle 
exhibited  traces  of  an  auditory  aperture  in  the  shape  of  a  shallow 
depression  ;  but  in  some  instances  no  such  trace  of  a  meatus  could 

*  Archives  of  Otology,  vol,  xiii.  p.  237. 
t  Ibid. J  vol.  xviii.  \\  317. 
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be  discovered.  The  cartilaginous  portion  of"  the  auditory  canal 
was  occasionally  present,  and  formed  a  pouch,  closed  at  the 
tympanic  end.  The  tympanic  bone  and  the  membrana  tym- 
pani  were  in\ariably  absent ;  the  tympanum  was  either  much 
narrowed  or  replaced  by  osseous  tissue  ;  the  ossicles  were  either 
entirely  missing  or  imperfectly  developed,  whereas  the  labyrinth 
was  rarely  affected. 

Closure  of  the  meatus  by  membranous  formations  is  some- 
times congenital,*  and  either  the  commencement  of  the  canal  or 
the  passage  itself  may  be  thus  affected.  Urbantschitsch  points 
out  that  the  tissue  blocking  up  the  meatus  consists  of  epithelium 
alone,  and  does  not  contain  any  of  the  deeper  structures  of  the 
cutis.  In  some  animals — e.g.,  dogs,  cats,  rabbits,  and  mice — such 
occlusion  of  the  meatus  at  birth  is  a  normal  condition ;  the 
epithelial  tissue  subsequently  undergoes  retrogressive  metamor- 
phosis. 
^  Prog-nosis. — In  cases  of  severe  congenital  malformation  of 
the  auricle,  no  definite  forecast  can  be  made  as  to  the  hearing- 
power  of  the  child.  Eegard  must  always  be  paid  to  the  proba- 
bility of  a  similar  condition  of  the  tympanum  and  labyrinth. 
When  the  child  is  more  than  six  months  old,  and  fails  to  start 
when  loud  sounds  are  produced  near  to  it  or  to  turn  its  eyes  in 
their  direction,  the  conclusion  is  inevitable  that  hearing-power 
is  absent.  If  the  malformation  be  unilateral,  the  unaffected  ear 
should  of  course  be  closed  during  the  experiments. 

Treatment.  —  In  cases  of  absence  of  the  meatus,  attempts 
have  been  made  to  form  a  canal  leading  from  the  defective  auricle 
to  the  tympanum.  The  results  are  almost  always  unsatisfactory, 
inasmuch  as  the  middle  ear  is  rarely  normal,  and  the  position  of 
the  auricle  may  be  no  guide  to  that  of  the  deeper  structures.  It 
might,  however,  be  justifiable,  in  cases  of  bilateral  atresia  of  the 
meatus,  to  make  an  exploratory  incision  towards  the  membrana 
tympani,  and  to  endeavour  to  create  a  canal  by  means  of  sponge 
tents.  No  operation  is  practicable  in  cases  in  which  an  osseous 
mass  occupies  the  place  of  the  auditory  meatus.  When  the  mal- 
formation is  unilateral,  it  is  unadvisable  to  interfere  with  it,  except, 
perhaps,  in  cases  of  adults  in  whom  Weber's  experiment  (page  90) 
yields  fair  evidence  of  a  normal  condition  of  the  deep  struc- 
tures on  the  affected  side.  If  the  obstruction  be  membranous  in 
*  See  a  case  recorded  by  Dr.  Knapp,  Arclnrcs  of  Otology,  vol.  xi.  p.  19. 
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character,  it  may,  of  course,  be  divided  with  some  prospect  of 
success.  Occlusion  due  to  this  cause  sometimes  results  from 
chronic  catarrh  of  the  middle  ear,  with  implication  of  the  meatus.* 

When  the  auricle  is  very  small  and  much  deformed,  the 
patient's  appearance  will  be  improved  by  its  removal  and  the 
application  of  an  artificial  substitute.  Kedundant  portions  of  the 
auricle  may  likewise  be  removed  with  the  knife  or  scissors ;  and 
when  the  whole  auricle  is  abnormally  large,  improvement  may 
sometimes  be  effected  by  the  judicious  curtailment  of  various 
portions. 

The  surgeon  is  sometimes  called  upon  to  rectify  the  deformity 
of  a  projecting  auricle.  Bandages  and  pads  may  be  tried,  but 
much  time  and  patience  would  be  required  for  any  improvement, 
and  they  seldom  prove  efficacious.  In  marked  cases,  when  the 
patients  are  very  anxious  to  have  something  done,  improvement 
may  be  effected  hj  remo\dng  a  piece  of  integument  from  the  angle 
behind  the  ear.  A  curved  incision,  with  the  concavity  looking 
inwards,  is  made  on  the  auricle,  and  another  of  a  similar 
character  over  the  root  of  the  mastoid  process.  The  elliptical 
portion  of  skin  is  then  removed  by  careful  dissection.  The 
integument  is  separated  from  its  attachments  for  a  little  distance 
along  the  margin  of  the  wound,  and  the  edges  are  carefully 
brought  together  by  suture  ;  a  bandage  is  applied  so  as  to  keep 
the  ear  close  to  the  head  until  union  has  taken  place.  This 
operation  generally  yields  satisfactory  results. 

A  more  extensive  operation,  suitable  for  marked  instances  of 
this  deformity,  has  been  suggested  and  performed  by  Dr.  Ely.f  of 
New  York.  Its  details  in  one  case  were  as  folloAvs  : — An  incision 
was  made  through  the  skin  along  the  entire  length  of  the  furrow 
at  the  back  of  the  ear,  and,  commencing  at  its  upper  extremity,  a 
second  incision  was  carried  over  the  posterior  surface  of  the 
auricle,  in  a  curved  direction,  down  to  the  lower  end  of  the  first 
cut.  The  skin  and  subcutaneous  tissues  were  then  dissected  off. 
Two  incisions,  nearly  parallel  to  the  former  ones,  were  next  carried 
through  the  cartilage,  and  an  elliptical  piece  of  the  latter,  measur- 
ing 1|  by  ^  inch,  was  removed.  The  pieces  of  excised  skin 
were  considerably  larger.  The  edges  were  then  united  by  ten 
sutures — seven  including  the  skin  alone,  and  three  passing  through 

*  ArcJiives  of  Otology,  vol.  xv.  p.  75. 

t  Roosa,  Diseases  of  the  Ear^  7th  Ed.,  p.  99. 
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the  cartilage  likewise.  "  Owing  to  the  natural  folds  of  the  latter 
structure,  it  was  impossible  to  secure  perfect  coaptation  of  the 
anterior  surface  of  the  auricle,  and  a  small  space  was  here  left  to 
heal  l3v  o-vanulation.  The  dressinp-  consisted  of  absorbent  cotton 
and  a  bandage.  Healing  ensued  with  very  little  pain  or  swelling ; 
the  posterior  incision  united  by  the  first  intention,  and  the 
anterior  wound  by  granulation."  In  operating  upon  the  second 
ear.  Dr.  Ely  transfixed  it  with  a  scalpel,  and  excised  a  piece  of 
cartilage  of  the  desired  shape  and  size,  together  ^ith  its  over- 
lying skin.  Additional  skin  was  then  removed  from  the  posterior 
surface,  and  the  result  was  as  satisfactory'  as  in  the  first  ear.  The 
posterior  cicatrices  were  hidden  b}^  their  position,  and  those  on 
the  anterior  surface  were  scarcely  noticeable. 

Congenital  Aural  Fistulae. — The  last  class  of  malforma- 
tions requiring  notice  includes  the  so-called  "  congenital  fistulas  of 
the  auricle."  These  are  small  canals,  the  openings  of  which  are 
usually  found  near  the  tragus  and  on  the  anterior  portion  of  the 
helix.  They  are  only  a  few  millimetres  deep,  and  often  contain  a 
whitish  fluid  ;  small  cysts  are  apt  to  result  from  occlusion  of  the 
orifices.  They  are  sometimes  noticed  in  several  members  of  the 
same  famih',  and  are  occasionally  traceable  through  several  genera- 
tions. As  stated  by  Professor  Gruber,  they  have  no  anatomical 
relationship  to  the  canals  or  cavities  of  the  ear,  but  are  the 
remains  of  the  first  branchial  cleft,  and  are  therefore  wrongly 
named  "  aural  fistulae."  They  sometimes  come  under  the  notice  of 
the  surgeon  when  their  walls  become  inflamed,  as  a  result  of  the 
entrance  of  foreign  bodies,  and  when  they  are  converted  into 
cysts.  Sir  James  Paget*  has  recorded  several  instances  of 
branchial  fistulae  in  the  external  ears  occurring  in  the  family  of 
a  gentleman,  perfectly  well  formed  in  other  respects,  but  having  a 
branchial  fistula  on  the  right  side  of  the  neck.  ''  His  father  and 
a  sister,  as  well  as  four  of  his  own  children,  had  similar  mal- 
formations ;  the  fistula  in  two  of  the  latter  being  on  the  left  side, 
and  in  the  other  two  symmetrically  disposed  on  each  side  of  the 
neck.  But  in  addition  to  these  cervical  fistulae,  the  gentleman 
himself,  his  sister,  and  Ave  of  his  children,  each  presents  fistulae  in 
the  helix  of  one  or  both  ears."  These  corresponded  with  the 
description  given  above ;  they  were  less  soft  and  flexible  than  the 

*  In  a  paper  read  before  the  Med.-Chir.  Society,  Nov.  27,  1877.  See 
Laace-t,  Dec.  ].  1877. 
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cervical  fistuUv,  producing  no  secretion,  and  causing  no  annoyance. 
Sir  J.  Paget  regarded  these  aural  fistulae  as  probably  due  to  the 
incomplete  closure  of  the  upper,  or  post-oral  fissure.  The  mem- 
brane lining  the  branchial  fistula3  is  apt  to  show  signs  of  irritability 
when  touched  with  a  fine  probe.  Convulsive  attacks  of  coughing 
may  be  thus  induced.* 

*  Archives  of  Otoloijy,  vol.  xvii.  p.  22G. 
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DISORDERS  OF  THE  SECRETION  IN  THE  AUDITORY  MEATUS— 
ACCUMULATION  OF  CERUMEN. 

Under  normal  conditions,  the  secretion  of  the  ceruminons  glands 
is  sufficient  only  to  lubricate  the  surface  of  the  cartilaginous 
portion  of  the  meatus,  but  increase  of  the  secretion  is  not  in- 
frequent, and  is  due  to  a  variety  of  causes.  The  fluid  jaelded  by 
the  glands  is  normally  of  a  light-yellow  colour,  and  becomes  con- 
verted into  thin  dry  scales.  When  the  secretion  is  in  excess, 
these  scales  form  soft  masses,  which  eventually  become  hard 
and  brittle,  and  more  or  less  occlude  the  meatus.  Their  colour 
changes  from  light  A^ellow  to  dark  brown  or  black,  and  in  the 
course  of  time  they  form  ragged  plugs,  sometimes  displaying 
bright  facets  on  their  surface,  owing  to  the  presence  of  cholestea- 
rine.  Besides  the  secretion  from  the  ceruminal  glands,  these  plugs 
contain  epidermic  scales  and  hairs,  and  in  diabetic  cases  sugar  can 
sometimes  be  detected. 

Causes.  —  Ceruminous  plugs  are  due  either  to  abnormally 
increased  activit}'  of  the  glands,  or  to  obstacles  to  the  escape  of 
their  secretion.  They  are  far  more  common  in  males  than  in 
females.  Increased  glandular  activity  is  sometimes  noticed  in 
individuals  whose  skin  evinces  a  similar  condition.  Increase  and 
hardening  of  cerumen  ma}'  occur  alone,  or  may  be  symptomatic 
of  inflammation  of  the  external  and  middle  ear,  and  I  am  in- 
clined to  attribute  the  formation  of  such  plugs  almost  invariably 
to  this  cause.  The  diseases  and  conditions  in  which  the  accumu- 
lation may  occur  are  (1)  chronic  suppuration  of  the  tympanum  ; 
(2)  chronic  non-suppurative  inflammation  of  the  tympanum  ;  (3) 
diffuse  inflammation  of  the  auditory  canal ;  (4)  foreign  bodies  ; 
(5)    parasitic    inflammation.       Hardening    of   the    cerumen    also 
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occurs  in  disease  of  the  internal  ear.  and  in  these  cases  removal 
of  the  wax  may  slighth'  or  even  considerably  improve  the  hearing 
(Roosa).  To  these  may  be  added  eczema  of  the  meatus  and 
improper  methods  of  cleansing  the  canal,  ejj.,  with  a  pointed 
])iece  of  towel,  by  which  the  secretion  is  pushed  more  deeply 
into  the  ear.  Politzer  observes  that  ceruminal  accumulation  is 
much  more  often  found  in  those  who  cleanse  the  meatus  than  in 
those  who  neglect  it.  Under  normal  conditions,  the  motions  of 
the  jaw  tend  to  remove  dry  scales  of  cerumen.  With  regard  to 
obstacles  to  the  escape  of  the  secretion,  it  is  evident  that  con- 
strictions of  the  meatus  and  exostoses  of  the  canal  are  likely  to  act 
in  tliis  manner ;  and  foreign  bodies  ma}^  be  included  in  the 
same  category. 

Symptoms. — Inspissated  cerumen  ma}^  remain  in  the  meatus 
for  considerable  periods  without  causing  any  subjective  sym- 
ptoms, provided  only  that  a  passage  be  left  for  the  transmission  of 
sonorous  impressions  to  the  t3'mpanum.  It  is  to  the  position 
rather  than  to  the  quantity  of  the  accumulated  cerumen  that  the 
symptoms  are  likely  to  be  due.  These  consist  in  more  or  less 
marked  deafness,  a  sensation  of  fulness  in  the  ear.  tinnitus  and 
giddiness,  the  two  latter  being  the  result  of  pressure  upon  the 
membrana  tympani.  As  a  general  rule,  plugs  of  cerumen  do  not 
materiallv  affect  the  hearinp"  until  thev  occlude  the  meatus.  Deaf- 
ness  may  occur  quite  suddenly,  owing  to  displacement  of  the 
hardened  material,  or  to  its  becoming  swollen,  in  consequence  of 
the  entrance  of  water  into  the  ear.  If  the  walls  of  the  meatus 
be  irritated  by  the  mass,  the  irritation  may  be  conveyed  to  the 
auditory  nerve  by  the  branches  of  the  fifth  pair,  and  various 
abnormal  sounds  may  be  heard.  Pain  in  the  ear  is  less  frequently 
experienced,  but  it  may  be  very  severe,  and  extend  to  other  parts 
of  the  head  and  to  the  neck.  ]\Iotor  disorders  have  been  occa- 
sionally observed,  e.f/.,  blepharo-spasm.  and  facial  paralysis,  the 
symptoms  disappearing  after  removal  of  the  plug.  Great  depres- 
sion of  spirits,  almost  amounting  to  melancholia,  was  observed  in 
a  case  reported  by  Dr.  Roosa ;  speedy  relief  was  obtained  after 
the  wax  had  been  removed.  Cough  is  sometimes  complained  of, 
the  irritation  being  convej^ed  either  directly  b}'  the  auricular 
branch  of  the  vagus,  or  by  the  auriculo-temporal  of  the  fifth  to 
the  latter  nerve,  the  deep  origin  of  which  is  close  to  that  of  the 
sensory  root   of  the  fifth  nerve.     The  medulla  oblongata  is  accus- 
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tomed  to  receive  impressions  tlirongli  the  vagus  from  the  larynx, 
and  hence  the  irritation  occurring  in  the  ear  is  referred  to  tliat 
organ.  In  a  case  recorded  by  Mr.  Percy  Jakins.*  the  cough, 
wliich  had  existed  for  four  A'ears,  was  accompanied  by  gradually 
increasino-  weakness,  nio-ht-sweats.  and  occasional  delirium.  The 
patient  was  supposed  to  be  consumptive ;  but  all  the  symptoms 
ra})idly  disappeared  after  removal  of  cerumen  from  both  ears. 

On  examining  the  ear,  the  cerumen  may  be  found  to  cover 
several  spots,  or  to  occupy  the  canal  in  the  form  of  scales  or  crusts 
or  rounded  masses,  but  it  is  often  seen  as  a  dark  brown  or  black 
plug,  extending  from  the  orifice  of  the  meatus  down  to  the  mem- 
brana  tympani.  Occasionally  a  plug  of  this  character  is  covered 
by  a  layer  of  epidermic  scales,  which  envelope  it  like  a  sac.  In 
children,  the  wax  is  generally  yellowish,  and  deposited  in  layers. 
After  the  removal  of  the  accumulation  by  the  aid  of  the  syringe, 
the  surface  of  the  meatus  and  the  membrane  are  often  seen  to  be 
reddened  and  injected,  but  these  appearances  are  due  in  great 
measure  to  the  irritation  of  the  svrino-ino-.  In  some  cases  the 
accumulated  masses  set  up  inflammation,  and  even  ulceration,  in 
the  meatus.  Other  changes  sometimes  seen  are  the  result  of 
pressure ;  thus  the  membrana  tympani  may  be  pushed  inwards, 
and  in  a  condition  of  atrophy,  while  sometimes  openings  form. 
In  other  cases  the  effects  of  pressure  are  seen  in  the  walls  of  the 
canal,  which  are  atrophied  and  partially  destroyed,  so  that  the 
meatus  is  dilated,  and  the  cerumen  may  pass  into  the  tympanum, 
and  likewise  into  the  mastoid  cells.  It  is  possible  that,  in  these 
cases,  the  accumulation  of  cerumen  was  the  result  of  chronic 
suppuration,  which  was  also  the  real  cause  of  the  damage  to  the 
meatus. 

The  Diagnosis  of  ceruminal  accumulation  is.  for  the  most 
part,  easily  made ;  the  speculum  may  be  required,  but  examina- 
tion with  the  naked  eye  is  often  sufficient.  The  meatus  is  seen 
to  be  occupied  by  a  yellow  or  brownish  mass,  the  consistence  of 
which  varies  greatly.  Foreign  bodies  in  the  ear.  and  especially 
plugs  of  cotton  wool,  inspissated  discharges,  and  epithelial  masses 
may  be  mistaken  for  accumulations  of  cerumen.  In  all  obscure 
cases  of  cerebral  disorder,  the  ear  should  be  very  carefully 
examined.      A  case  is  recorded  by  v.  Troltschf  of  a  patient  who, 

*  PractUio7ier,  1>^87,  vol.  i.  p.  423. 

t  Lelirhnch  der  OhTeiiheWiunde.  1881,  S.  95. 
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after  a  fall,  suddenly  became  giddy  and  deaf,  and  was  treated 
b)^  various  remedies,  including  the  application  of  a  seton.  It 
was  found  on  careful  examination  that  a  plug  of  cerumen  was 
the  cause  of  the  symptoms. 

The  Prognosis  in  cases  of  inspissated  cerumen  ma}-  be  some- 
what uncertain,  inasmuch  as  the  condition  is  not  infrequently 
associated  with  other  affections  of  the  ear.  If  the  deafness  has 
come  on  rapidly,  and  improvement  spontaneously  occurs  from 
time  to  time,  a  plug  of  cerumen  is  likely  to  be  present.  If  the 
sounding  fork,  placed  on  the  head,  be  indistinctly  heard  on  the 
occluded  side,  some  affection  of  the  internal  ear  may  be  suspected. 
It  was  pointed  out  b}'  Toynbee  that  ceruminal  accumulation  often 
exists  in  cases  of  adhesive  processes  in  the  middle  ear,  and  of 
affections  of  the  labyrinth.  Intermittent  loss  of  bone-conduction 
has  been  noticed  in  some  cases  of  plugging  of  the  meatus  by 
cerumen  ;  it  passes  off  after  the  wax  has  been  removed.  It  must 
be  remembered  that  recurrence  of  accumulation  is  not  uncommon, 
even  in  persons  of  cleanly  habits. 

Treatment. — The  removal  of  ceruminal  accumulation  is  best 
effected  by  syringing  the  ear  with  ^^'arm  water  (temperature  lOC^ 
to  105°  Fahrenheit).  If  the  plug  be  dry  and  hard  it  is  better, 
before  usinp'  the  svrinp-e,  to  soften  it  bv  fillino-  the  meatus  with 
warm  water.  The  water  should  be  allowed  to  remain  for  several 
minutes,  and  it  must  be  remembered  that  the  immediate  effect 
will  probably  be  an  increase  of  deafness  and  tinnitus,  this  being- 
due  to  the  swelling  of  the  plug.  If  the  mass  does  not  come 
away  readily  on  the  syringe  being  used,  after  water  has  been 
allowed  to  remain  in  the  meatus  for  a  few  minutes,  it  may  be 
gently  moved  by  means  of  a  chromic  acid  carrier  or  a  probe. 
This  should  never  be  done  without  a  strong  light  being  thrown  at 
the  time  through  a  speculum  upon  the  plug,  for  fear  of  injur}-  to 
the  neighbouring  structures.  If  this  procedure  causes  pain,  and 
but  little  wax  is  removed  when  the  ear  is  again  syringed,  it  is  best 
to  wait  until  the  mass  has  been  softened  by  other  means  before  a 
further  attempt  is  made  to  get  it  away. 

For  softening  cerumen  the  following  formula  is  suitable  :  — 
I^.  Sodii  Bicarb.      .         .         .         .  gi'-  x. 

Glycerini  ....  3ij- 

Aq.  Destill 3ij.  Misce. 

A  few  drops  to  be  warmed,  and  placed  in  the  ear  several  times  a 
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day.  until  tlie  mass  has  become  thoronghly  softened.  The  ear 
should  be  carefully  examined  during  the  syringing  process,  lest 
the  latter  should  be  continued  after  all  the  cerumen  has  come  away. 
After  complete  removal  of  the  plug,  the  hearing  is  in  most  cases 
improved,  and  the  subjective  symptoms  disappear,  but  normal  hear- 
ino-  is  not  o-eneralh^  obtained,  because  the  accumulation  of  cerumen 
is  usually  secondary  to  some  other  affection.  The  meatus  should 
be  carefully  dried  with  absorbent  wool,  and  a  small  plug  of  cotton 
wool  should  be  introduced,  and  renewed  from  time  to  time  for 
several  days,  if  the  weather  be  cold  or  damp.  The  cutis  and  the 
membrana  tympani  are  apt  to  be  ver}^  sensitive  after  a  plug  has  been 
removed.  Accumulations  of  cerumen  are  very  liable  to  recur,  and 
it  is  well  to  have  the  ear  syringed  from  time  to  time,  and  to  make 
use  of  the  soda  and  glycerine  drops.  To  prevent  relapses.  Dr. 
Knapp*  recommends  the  occasional  use  of  lukewarm  soap-water. 
This  is  kept  in  the  ear  for  about  fifteen  minutes,  and  then  stirred 
with  a  camel-hair  brush  as  deep  in  the  canal  as  the  patient  can 
reach ;  then  the  ear  is  syringed  with  ^^'arm  water,  wiped  dry. 
and  for  a  short  time  protected  with  a  little  absorbent  cotton 
wool.  Any  co-existing  affe-^'tion  of  the  ear  should,  of  course,  be 
attended  to. 

An  opposite  condition,  namely,  Deficiency  of  Cerumen, 

far  less  frequently  occurs,  but  it  sometimes  happens  without  any 
apparent  cause,  and  sometimes  associated  with  disorders  of  the 
middle  ear,  as  a  result  of  some  affection  of  the  trophic  nerves. 
Marked  dryness  of  the  meatus  is  often  an  early  symptom  of 
adhesive  inflammation  of  the  middle  ear.  Inflammatory  processes 
in  the  meatus  also  check  the  secretion  of  cerumen,  and  the  same 
result  is  sometimes  due  to  senile  atrophy  of  the  glands.  Frequently 
washing  the  meatus  is  said  to  diminish  the  secretion.  The  symptoms 
of  this  condition  are  a  feeling  of  dryness  and  irritation  in  the  meatus, 
which  on  examination  is  seen  to  be  pale  and  dull.  There  is  no 
necessary  impairment  of  hearing,  and  when  this  symptom  is  pre- 
sent, being  due  to  disorder  of  the  middle  ear,  the  reappearance  of 
cerumen  is  by  no  means  a  certain  indication  of  improvement. 

Treatment. — In  order  to  relieve  the  irritation  a  little  vaseline 
or  glycerine  may  be  applied  to  the  meatus,  and  if  these  fail,  white 
precipitate  ointment  may  be  tried. 

*  Archives  of  Otolom/.  vol.  xi.  p.  204. 
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INJURIES   OF  THE  AURICLE— BURNS  AND   SCALDS- 
FROSTBITES. 

Injuries  to  the  Auricle — e.f/.,  contusions,  incised  and 
lacerated  wounds,  either  confined  to  this  part  or  associated  with 
injuries  of  adjacent  structures — are  of  common  occurrence.  The 
symptoms  and  their  severity  depend  upon  the  nature  and  degree 
of  the  force  to  which  they  are  due.  Portions  of  the  auricle  are 
sometimes  completely  separated,  and  union  often  results  if  the 
parts  are  brought  into  apposition  and  sutures  are  carefulh'  applied. 
Such  a  favourable  termination  has  been  observed  even  when 
several  hours  have  elapsed  since  the  injury.  Piercing  the  ears 
(for  the  reception  of  ear-rings)  is  usually  a  harmless  operation  ; 
but  in  rare  cases,  when  a  prolongation  of  the  cartilage  extends 
into  the  lobule,  severe  inflammation  has  been  observed.  In  other 
cases,  again,  heavy  ear-rings  have  been  known  to  cut  through  the 
lobule.  The  condition  known  as  othaematoma,  which  is  often  of 
traumatic  origin,  will  be  described  in  a  succeeding  chapter. 

Wounds  of  the  auricle  are  to  be  treated  according  to  the 
ordinary  rules  of  surger}' ;  antiseptic  measures  are  easily  carried 
out  and  good  results  are  generally  attainable.  When  adjacent 
structures  are  also  implicated,  both  treatment  and  prognosis  must 
be  correspondingly  modified. 

Injuries  to  the  External  Meatus  may  be  caused  either  by 
direct  or  indirect  violence  ;  and  in  both  cases  the  neighbouring 
parts,  viz..  the  auricle,  the  membrana  tympani,  and  the  petrous 
part  of  the  temporal  bone  are  liable  to  be  implicated.  Fracture  of 
the  anterior  \\all  may  be  caused  by  a  blow  on  the  lower  jaw. 

Direct  injury  to  the  meatus  is  often  caused  by  foreign  bodies, 
inserted    either    by   accident    or   intentionally.      These  and  their 
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effects  will  be  described  in  a  succeeding  chapter.  The  meatus  is 
often  involved  in  cases  of  injury  to  the  auricle.  Incised  wounds, 
limited  to  the  cartilaginous  portion,  are  seldom,  if  ever,  serious, 
though  the  parotid  gland  ma}'  be  implicated;  but  when  the  osseous 
part  is  injured,  long-continued  suppuration,  followed  by  contrac- 
tion, is  likely  to  result.  AVounds  of  the  posterior  wall  may  extend 
into  the  mastoid  cells,  and  there  is  always  the  risk  that  the  injury 
to  the  deep  part  of  the  meatus  ma}'  involve  the  tj'mpanic  mem- 
brane. Inflammatory  processes  after  wounds  may  extend  to  the 
middle  ear  through  the  petro-tympanic  fissure,  as  well  as  through 
the  intervention  of  connective  tissue  and  vessels. 

The  Diagnosis  in  these  cases  is  for  the  most  part  eas}', 
unless  the  meatus  be  very  much  swollen.  Cold  compresses  should 
be  applied,  and  the  wounds  may  be  subsequently  dressed  with 
boric  acid  ointment  or  other  antiseptic.  The  risk  of  contraction 
should  always  be  borne  in  mind.  When  necessary,  laminaria  or 
sponge  tents  may  be  introduced  into  the  meatus. 

Fracture    of   the    Walls    of   the    Meatus    generally 

results  from  indirect  violence — e.f/.,  a  blow  upon  the  lower  jaw. 
In  old  persons  this  latter  injury  may  easily  cause  a  fracture  of 
the  glenoid  fossa,  and  a  blow  on  the  chin  may  produce  this  result 
on  both  sides.  In  one  case,  the  condyle  of  the  lower  jaw  was 
driven  into  the  meatus.*  The  upper  wall  of  the  canal  is  liable 
to  be  involved  in  cases  of  fracture  of  the  base  of  the  skull. 

The  symptoms  of  these  injuries  are  not  ah^'ays  very  definite. 
Pain  is,  of  course,  complained  of;  crepitation  can  sometimes  be 
detected,  and  there  is  usually  more  or  less  deformity.  Haemor- 
rhage is  likely  to  be  profuse  when  the  upper  and  posterior  walls 
are  involved ;  if  the  skin  be  not  torn  the  blood  will  accumulate 
under  it.  Escape  of  cerebro-spinal  fluid  does  not  necessarily 
indicate  fracture  of  the  meatus,  for  it  occurs  likewise  in  severe 
injuries  of  the  labyrinth.  In  fractures  involving  the  glenoid  fossa, 
movement  of  the  jaw  will  be  painful  and  difficult. 

Fractures  involving  the  anterior  and  inferior  walls  of  the 
meatus  generally  admit  of  a  favourable  prognosis.  On  the  other 
hand,  the  prospect  is  bad  when  the  superior  wall  is  fractured,  and 
especially  when  there  is  reason  to  suspect  that  the  base  of  the 
skull  is  likewise  injured. 

Burns  and  Scalds. — The  auricle  is  not  often  the  seat  of 
*  Gelle,  Precia  dcs  Maladies  de  V Oreille,  p.  69. 
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burns,  unless  the  neighbouring  parts  are  also  involved.  ScakU 
sometimes  occur  in  persons,  such  as  waiters  and  others,  who  are 
in  tlie  liabit  of  carrying  on  their  heads  vessels  containing  hot 
fluids.  The  part  is  occasionally  injured  by  mineral  acids  being- 
thrown  upon  it,  and  extensive  sloughs  and  ulceration  are  thereby 
caused.  When  the  orifice  of  the  meatus  is  involved,  contraction 
is  liable  to  ensue  as  a  result  of  cicatrisation. 

The  treatment  of  burns  of  the  auricle  is  the  same  as  that  of 
similar  injuries  elsewhere.  Vesicles  should  be  carefully  pricked, 
so  as  to  evacuate  their  contents  and  preserve  the  epidermis  as  a 
covering,  and  vaseline  or  boric  acid  ointment  may  then  be  applied. 
Either  the  liniment  of  lime  or  carron  oil  is  a  suitable  dressing  for 
more  severe  cases.  When  the  inner  surface  of  the  auricle  and 
the  adjoining  portion  of  the  head  are  the  seat  of  the  burns,  great 
care  is  necessary  to  prevent  adhesion  during  cicatrisation.  The 
parts  must  be  kept  separated  by  layers  of  cotton-wool  or  lint. 
Especial  care  is  necessary  in  treating  cases  due  to  the  effects  of 
mineral  acids.  The  extensive  sloughing  is  apt  to  cause  great 
destruction  and  considerable  deformity,  and  when  the  meatus  is 
involved,  the  aperture  is  likely  to  be  more  or  less  occluded.  This 
result  should  be  prevented  as  far  as  possible  by  keeping  pledgets 
of  lint  and  afterwards  sponge  tents  in  the  opening. 

Frost-bite. — Owing  to  its  exposed  position  the  auricle  is 
especially  prone  to  exhibit  the  effects  of  severe  cold.  These  are 
seen  in  various  forms  and  stages ;  as  a  result  of  prolonged 
exposure  to  low  temperatures,  the  auricle,  like  the  nose,  may 
become  completely  frozen,  with  necrosis  and  gangrene  of  portions 
of  skin  and  cartilage  as  speedy  consequences.  In  far  more 
common  cases,  often  seen  in  this  country",  circumscribed  portions 
of  the  ear  become  red  and  swollen,  the  skin  gives  Avay  and  cracks, 
blood  is  discharged  and  crusts  form.  The  most  common  sufferers 
from  these  so-called  chilblains  are  young  persons  of  both  sexes, 
of  delicate  constitutions,  and  the  effects  of  the  cold  are  apt  to 
manifest  themselves  every  winter.  It  is  not,  however,  necessary 
for  the  production  of  chilblains  that  the  temperature  should  be 
below  the  freezing  point. 

The  symptoms  of  chilblains  are  too  well  known  to  require 
description.  When  the  ear  is  affected  severe  pain  is  complained 
of,  associated  with  itching  and  a  sensation  of  heat,  which  latter  is 
apt  to  be  very  troublesome  when  the  patient  goes  into  a  warm  room. 
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The  treatment  of  frost-bite  affecting  the  ear  may  be  summed 
lip  in  a  few  words.  In  recent  cases  soon  after  exposure  the  part 
sliould  be  rubbed  with  cold  water  or  snow,  and  friction  continued 
until  circulation  is  restored.  For  the  after-effects,  circumscribed 
s^^'ellings  may  be  painted  oyer  with  a  mixture  of  the  tinctures  of 
iodine  and  opium,  or  with  collodion  and  iodol.  Cracks  and  ulcers 
are  best  treated  with  boric  acid  ointment,  and  when  they  are  yery 
irritable,  a  solution  of  nitrate  of  silyer  may  be  applied  with 
advantage. 
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AURICLE. 


This  term  is  used  to  designate  tumours  of  various  sizes  formed 
in  the  auricle,  and  sometimes  in  the  external  meatus,  as  a  result 
of  the  subcutaneous  escape  of  blood  from  the  vessels.  Two  forms 
are  described,  viz..  traumatic  and  sj^ontaneous.  the  former  being 
often  associated  with  other  injuries  of  the  auricle,  such  as  rupture 
of  the  cartilage  ;  the  latter  occurring  without  apparent  cause.  In 
rare  cases,  spontaneous  effusion  of  blood  beneath  the  nasal 
mucous  membrane  has  been  observed  in  association  with  sponta- 
neous othaematomata,  and  in  some  instances  of  the  latter  character, 
occurring  in  lunatics.  hBematoma  of  the  dura  mater  has  been 
discovered  after  death.  Some  authorities  do  not  believe  that 
otliEematoma  can  be  developed  in  the  absence  of  previous 
injury.* 

It  was  formerly  supposed  that  spontaneous  effusion  of  blood 
into  the  tissues  of  the  auricle  occurred  only  among  insane 
patients ;  but  this  is  by  no  means  the  case,  though  the  condition 
is  much  more  commonly  found  in  these  subjects,  and  more  often 
in  men  than  in  women.  Dr.  Hunf  reports  twenty-four  instances, 
of  which  twenty-three  occurred  in  males ;  and  it  would  seem 
that  hfematoma  auris  in  the  subjects  of  brain-disease  is  a  highly 
unfavourable  symptom,  and  points  to  an  incurable  lesion. 

It  appears,  from  Dr.  Hun's  statements,  that  the  idiopathic  and 
traumatic  forms  of  the  condition  differ  considerably  from  each 
other.  He  records  a  case  in  which  an  insane  patient,  the  subject 
of  haematoma  of  one  auricle,  received  on  the  other  a  blow  from  a 

*  Archives  of  Otolofji/,  vol.  xiii.  p.  303. 

t  American  Journal  of  Insanity,  July,  1870. 
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broom-handle,  which  caused  swelling  and  ecchymosis,  but  not 
ha?niatoma.  He  attributes  the  spontaneous  occurrence  of  the 
condition  to  a  twofold  cause,  viz.,  cerebral  congestion,  and  centri- 
petal irritation  of  the  system  by  the  emotions.  The  majority  of 
his  patients  were  the  subjects  of  general  paralj^sis  and  melancholia, 
and  in  these  conditions  there  is  a  tendency  to  repeated  congestions 
of  the  head  with  consequent  dilatation  of  vessels.  Other  writers 
allude  to  morbid  changes  in  the  part  as  favouring  the"  occurrence 
of  othematoma;  the  most  important  of  these  are,  softening  and 
degeneration  of  the  cartilage,  and  atheromatous  disease  of  the 
vessels,  which  causes  them  to  become  very  friable.  Some  authors 
associate  fissures  of  the  cartilao-e  with  softenino-.  and  state  that 
these  conditions  are  not  infrequent  in  emaciated  and  cachectic 
individuals  suffering  from  mental  affections.  The  cartilage,  in 
such  cases,  breaks  up  into  several  layers,  inclosing  irregular 
cavities  containing  mucoid  fluid  and  connective  tissue.  It  is 
obvious  that  changes  of  this  kind  in  the  cartilaginous  tissue 
predispose  to  rupture  of  blood-vessels,  and  the  formation  of 
vascular  tumours,  and  that  in  consecjuence  of  the  fragility  of  the 
tissue,  the  effused  blood  may  rapidly  force  its  way  through  the 
separate  cartilaginous  layers. 

In  connection  with  the  influence  of  nervous  disturbance  upon 
the  formation  of  these  tumours,  some  of  Dr.  Brown-Sequard's 
experiments  have  an  important  bearing.  He  found  that  in  guinea- 
pigs,  sections  of  a  restiform  body  near  the  calamus  scriptorius  will 
produce  hemorrhage  under  the  skin  of  the  ear,  to  be  followed 
afterwards  by  gangrene,  and  that  these  appearances  are  most 
marked  on  the  injured  side,  and  less  prominent  on  the  other  one. 
He  has  also  found  that  section  of  the  sciatic  nerve  will  produce 
the  same  results,  by  reflex  action  on  the  medulla,  and  he  is  led  to 
believe  that  disease  of  the  base  of  the  brain,  not  always  causing 
insanity,  is  the  origin  of  haematoma  auris.  It  would  seem  that 
this  condition  of  the  ear  is  not  confined  to  the  human  subject. 
Several  instances  of  othsematoma,  occurring  (without  obvious 
cause)  in  cats,*  have  lately  been  placed  on  record.  In  one 
instance,  after  the  swelling  subsided,  the  ear  began  to  shrink,  and 
ultimately  formed  a  puckered  irregular  mass  close  to  the  side  of 
the  head. 

Symptoms.  —  The    appearance    of  a    spontaneous    hasmatoma 
*  British  Medical  Journal,  1889,  vol.  i.  pp.  187,  648. 
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auris  is  usually  preceded  by  redness  and  swelling  of  the  ear  and 
side  of  the  face ;  but  sometimes  no  premonitory  symptom  is 
observable.  As  a  general  rule,  the  tumour  shows  itself  on  the 
external  surface  of  the  auricle,  and  generally  in  the  upper  half 
(Fig.  61),  as  a  roundish,  smooth,  bluish-red  mass,  varying  in  size, 
tense,  and  more  or  less  elastic.  Similar  tumours  have  occa- 
sionally been  observed  on  the  posterior  surface  of  the  auricle. 
In  some  cases  the  skin  is  comparatively  normal  in  colour.  The 
ridges  of  the  auricle  are  obliterated,  unless  the  blood  is  extra- 
vasated  into  the  substance  of  the  cartilage.     In  the  majority  of 


Fig.  ()1. 

Spoxtaneous  Othematoma  occurring  ix  ax  Idiot.  The  Superficial  Part  of  the 
Tumour  exckedixgly  Elastic  and  contaixixg  Several  Fragmexts  of  Cartilage, 
Dlscoverable  ox  Examixation  with  the  Fixger.     (Gruber.) 

cases,  the  swelling  is  developed  within  a  few  hours,  and  remains 
for  some  time  ^^'ithout  change.  There  maj'  be  no  subjective  sym- 
ptoms, or  the  patient  may  complain  of  some  amount  of  pain,  with 
a  feeling  of  tension,  heat,  and  tingling.  The  tumour  either  bursts 
spontaneous!}^,  or  gradually  subsides,  and  undergoes  certain 
changes  to  be  presently  noticed. 

In  traumatic  cases,  the  left  ear  is  more  often  affected  than  the 
right,  and  the  appearances  vary  with  the  cause  and  severity  of  the 
injury.  As  a  general  rule,  the  tumour  is  rapidly  developed, 
inasmuch  as   it  is   due  to   extravasation   of  blood  from    vessels 
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ruptured  bj?"  violence.  Friinkel's*  experiments,  however,  show 
that  twenty-four  hours  or  more  ma}^  elapse  before  the  swelling 
appears.  The  site  of  the  extravasation  is  either  between  the  skin 
and  the  perichondrium,  or,  more  rarely,  between  the  latter  and  the 
cartilage. 

In  both  classes  of  cases,  the  effused  blood  becomes  partially 
or  completely  absorbed  as  time  goes  on,  but  more  or  less  deformity 
is  apt  to  remain,  owing  to  the  changes  in  the  cartilage.  In  trau- 
matic cases,  when  the  cartilage  has  been  broken  and  the  frag- 
ments displaced,  the  deformity  may  be  verj^  considerable.  An 
auricle,  thus  deformed,  is  a  distinguishing  mark  of  some  old 
statues  of  Hercules  and  Pollux.  At  the  present  day,  instances 
of  "  shrunken  ears ''  in  lunatic  asylums  are  far  less  common  than 
in  former  times,  when  there  was  less  supervision  over  the  patients 
and  their  attendants.  On  the  other  hand,  cases  are  becoming 
somewhat  common  among  football  players.  As  rare  consequences 
of  othsematoma,  little  masses  of  bony  tissue  become  developed  in 
the  auricle ;  chalky  deposits  are  more  common.  Suppuration  is 
an  occasional  result,  and  in  one  case  of  traumatic  othasmatoma, 
recorded  by  Gruber,  ulceration  and  septicaBmia  ensued. 

Treatment.  —  In  spontaneous  cases  the  treatment  is  very 
simple.  If  the  tumour  be  small  and  not  very  tense  it  may  be  left 
to  subside  by  itself.  Under  opposite  conditions  the  fluid  should 
be  drawn  off"  with  a  trocar  or  evacuated  by  means  of  a  small 
incision,  and  pressure  afterwards  applied  to  prevent  refilling.  In 
traumatic  cases,  the  relief  of  pain  and  the  prevention  of  disfigure- 
ment are  the  objects  to  be  aimed  at.  The  tumour,  if  tense,  should 
be  evacuated,  and  cold  applications  used.  If  coagulation  has 
taken  place,  it  will  be  necessary  to  incise  the  swelling  and  to 
remove  the  clot ;  cold  applications  and  pressure  will  constitute  the 
remainder  of  the  treatment,  and  ^^'hen  all  active  sjnnptoms  have 
subsided,  careful  massage  will  probably  aid  in  restoring  the  normal 
condition.  If  this  prove  unavailing,  pressure  should  be  persevered 
with,  and  tincture  of  iodine  should  be  applied  from  time  to  time. 

*  Archives  of  Otology,  vol,  xiii.  p.  303. 
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PERICHOXDRITIS   OF  THE   AURICLE. 

Inflammation  of  the  fibrous  membrane  covering  the  cartilage 
of  the  auricle  gives  rise  to  s^nnptoms  more  or  less  resembling  those 
of  oth^ematoma.  The  upper  part  of  the  auricle  is  the  portion 
mainlj^  affected,  whereas  the  lobule  generally  escapes.  The  pro- 
minent symptom  is  the  formation  of  one  or  more  roundish  swellings, 
which  are  more  or  less  hot  and  painful.  Considerable  deformity 
is  apt  to  remain  after  their  subsidence. 

Symptoms  and  Progress. — In  some  cases  the  inflammation 
supervenes  without  any  obvious  cause,  and  is  confined  to  the 
perichondrium  and  cartilage  of  the  auricle.  In  others,  the  in- 
flammatory process  extends  from  the  meatus,  which  may  be  the 
seat  of  furuncle.  In  the  former  case,  sharp,  shooting,  and  con- 
tinuous pain  may  be  the  first  sjmiptom,  and  may  continue  for 
several  days  in  the  absence  of  any  visible  change.  Eedness  and 
swelling  then  commence  in  a  circumscribed  spot,  and  gradually 
become  more  marked.  Fluctuation  is  soon  manifest,  and  the 
swelling  continues  to  increase  until  it  involves  more  or  less  of  the 
concavity  of  the  auricle  and  encroaches  on  the  meatus.  The 
surface  of  the  tumour  is  pale  red  in  colour  and  uneven,  but  the 
natural  elevations  and  depressions  are  obliterated.  In  the  course 
of  time,  unless  incisions  are  made,  the  skin  gives  way  at  one  or 
more  points,  and  a  quantity  of  viscid  serous  fluid  escapes.  The 
discharge  subsequently  becomes  purulent,  and  fistulous  openings 
are  likely  to  remain.  The  subsequent  course  is  apt  to  be  veiy 
tedious  ;  several  months  may  elapse  before  recovery  takes  place. 
In  one  recorded  case,*  the  swelling  involved  various  portions  of  the 
auricle  in  succession,  and  caused  so  much  deformity  that  no  part 
*  Archives  of  Otology,  vol.  xix.  p.  8. 
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could  be  recognised.  Tuberosities  took  the  places  of  the  fossa?, 
and  the  auricle  appeared  like  a  lump  of  flesh.  The  amount  of 
resulting  deformity  varies  with  the  degree  of  the  inflammation. 
In  rare  cases,  portions  of  the  cartilage  become  necrosed  and 
detached;  in  others,  considerable  contraction  of  the  meatus  is  super- 
added to  the  deformity.  Ossification  of  the  cartilage  is  an  occa- 
sional result.*  The  posterior  surface  of  the  auricle  is  sometimes 
involved,  and  when  this  is  the  case  large  abscesses  may  be  formed. 
Treatment. — In  the  early  stage,  cold  applications  may  be 
tried  with  the  view  of  checking  the  inflammatory  process.  When 
fluctuation  is  perceptible,  it  is  best  to  make  a  free  incision  through 
the  tumour,  and  to  scrape  away  the  contents  \\ith  a  sharp  spoon. f 
Any  sinuses  that  may  have  formed  should  be  carefully  slit  up.  and 
granulation  tissue  should  be  scraped  a^\'ay.  Provision  must  be 
made  for  thorouoh  draina^'e.  and  iodoform  or  alembroth  o-auze. 
covered  with  cotton  wool  and  a  bandage,  forms  a  good  subsequent 
dressing.  In  later  stages,  when  much  deformity  has  resulted, 
improvement  may  sometimes  be  efiected  by  removing  hardened 
and  prominent  pieces  of  cartilage,  and  readjusting  isolated  portions. 
In  a  case  thus  treated  by  Dr.  Knapp,  the  deformity  was  greatl}' 
diminished.  The  anatomical  examination  of  the  portions  removed 
showed  that  they  contained  well-developed  true  osseous  substance. 

*  Archives  of  Otology,  vol.  xix.  p.  45. 
t  IVid.,  vol.  xix.  p.  20. 
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HERPES   OF  THE   AURICLE— ECZEMA   OF  THE   AURICLE. 

The  auricle  is  occasionally  the  seat  of  herpetic  eruptions,  which 
may  show  themselves  on  this  part  alone,  or  on  the  face  and  neck 
at  the  same  time. 

Causes. — Inflammatory  processes  in  the  deeper  structures  of 
the  ear  are  sometimes  attended  by  herpetic  eruptions  on  the 
auricle.  In  the  absence  of  an}-  such  causes,  the  complaint  is 
usually  attributed  to  disordered  digestion  or  to  chills ;  it  is 
commonly  seen  in  adults,  but  children  are  not  exempt  from  it. 

Symptoms.  —  The  appearance  of  the  vesicles  is  generally 
preceded  by  more  or  less  fever,  and  local  pain  of  a  severe  stinging* 
or  burning  character,  the  latter  symptom  being  especially  trouble- 
some when  the  eruption  extends  into  the  meatus.  The  pain  may 
exist  for  several  days  before  any  local  signs  appear.  The  dis- 
tribution of  the  vesicles  is  sometimes  connected  with  that  of  the 
nerves  supplying  the  part,  and  the  complaint  may  then  be  regarded 
as  a  symptom  of  neuritis.  The  nerves  especially  implicated  are  the 
branches  of  the  great  auricular  from  the  cervical  plexus,  and  those 
of  the  auriculo-temporal  branch  of  the  fifth.  When  this  latter 
nerve  is  affected,  the  eruption,  as  is  generally  the  case,  appears  on 
the  external  surface  of  the  auricle  and  the  anterior  margin  of  the 
meatus  ;  the  branches  of  the  great  auricular  are  distributed  to  the 
internal  surface  and  to  the  meatus. 

The  appearances  are  those  of  herpes  elsewhere.  Small  red 
patches  are  first  noticed,  and  these  become  studded  over  with 
papules,  which  are  speedily  converted  into  vesicles,  closely  set  and 
sometimes  confluent,  so  as  to  form  bullas.  The  meatus  may  thus 
be  completely  occluded,  and  sometimes  the  membrana  tympani  is 
likewise  the  seat  of  eruption.     The  contents  of  the  vesicles  are  at 
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lirst  limpid  and  pale,  but  subsequently  become  opaque  and  yellow. 
After  a  few  days  either  the  vesicles  dry  up  and  form  scabs,  which 
fall  off,  leaving  a  reddened  surface,  or  little  ulcers  result.  When 
the  meatus  is  affected,  there  may  be  profuse  discharge  from  such 
breaches  of  surface.  In  some  patients  there  is  more  or  less 
deafness  and  tinnitus  during  the  course  of  the  complaint,  which  is. 
occasionally  prolonged  by  the  appearance  of  successive  crops  of  the 
eruption. 

Treatment.  —  In  the  earl}"  stages,  the  general  health  of  the 
patient  is  likeh^  to  require  attention  ;  purgatives  and  tonics  are 
generally  indicated.  Severe  pain  may  be  relieved  by  cold  applica- 
tions, or  by  painting  the  part  over  with  a  mixture  of  extract  of 
belladonna  and  glycerine.  When  vesicles  have  formed,  they 
should  be  protected  from  injury ;  powdered  starch  ma}^  be  dusted 
over  them,  and  cotton  wool  subsequently  applied.  When  sup- 
puration has  occurred,  the  pustules  may  be  opened  with  advan- 
tage ;  but  care  should  be  taken  to  preserve  the  epidermis.  Any 
ulcers  that  may  form  should  be  dressed  with  boric  acid  ointment 
or  powdered  iodoform ;  and  when  the  meatus  is  the  seat  of  the 
complaint,  and  there  is  more  or  less  discharge,  powdered  boric 
acid  should  be  used  by  means  of  an  insufflator. 

Eczema  of  the  Auricle  and  Meatus.— This  is  a  some- 
what common  affection,  and,  owing  to  the  anatomical  structure  of 
the  parts,  the  complaint  is  in  some  respects  different  from  eczema 
in  other  portions  of  the  body.  It  is,  moreover,  liable  to  produce 
more  or  less  impairment  of  hearing.  It  occurs  in  two  forms,  acute 
and  chronic.     Children  and   young  girls  are  most  often  affected. 

Causes. — An  eruption  of  eczema  on  the  auricle  is  frequently 
associated  with  disorders  of  menstruation,  and  occasionally  with 
the  climacteric  period ;  in  some  cases  there  are  evidences  of 
scrofula,  or  rickets,  or  of  general  malnutrition.  The  exciting- 
cause  is  often  obscure  ;  but  the  influence  of  local  irritation  is 
sometimes  traceable.  Thus  exposure  to  the  sun's  rays,  warm 
fomentations,  and  frictions  with  various  stimulating  ointments 
or  liniments,  are  liable  to  produce  an  eruption.  A  somewhat 
more  common  cause  is  the  irritation  produced  by  the  discharges 
in  cases  of  otorrhoea,  and  the  scratching  practised  to  relieve  the 
uncomfortable  sensations.  The  eruption  is  most  liable  to  occur, 
and  to  prove  very  obstinate,  when  the  otorrhoea  is  associated  with 
caries  of  the  tympanic  walls ;  it  is,  in  all  probability,  due  to  the 
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oraanisms  contained  in  the  discharges.  The  spread  of  the  eczema 
may  be  explained  in  a  similar  manner.  Dr.  Rohrer,  of  Zurich, 
inoculated  rabbits'  ears  with  cultivations  of  diplococci  obtained 
from  the  serum  of  the  vesicles  of  eczema,  and  produced  a  similar 
eruption.  The  conversion  of  the  vesicles  into  pustules  is  asso- 
ciated with  the  development  of  staphylococci.  G ruber  states  that 
eczema  of  the  ear  is  sometimes  due  to  irritating  matters  (dyes,  &;c.) 
contained  in  scarves  used  to  cover  the  part.  Politzer  alludes  to 
cases  in  which  circumscribed  eczema,  on  the  upper  part  of  the 
crest  of  the  helix,  and  occurring  symmetrically  in  both  ears,  was 
apparent!}'  caused  by  sleeping  on  hard  horsehair  pillows.  Eczema 
sometimes  occurs  in  an  epidemic  form  among  school  children,  and 
is  posssibly  due  to  contagion. 

Symptoms. — Acute  eczema  of  the  ear  gives  rise  to  sensations 
of  tension,  itching,  and  burning  in  the  part,  and  in  children  the 
eruption  is  commonly  attended  with  fever  and  restlessness.  Com- 
plete or  partial  occlusion  of  the  meatus  by  the  eruption  will  diminish 
the  hearing-power,  and  cause  tinnitus  and  other  abnormal  sensa- 
tions. The  eruption  may  occur  on  both  surfaces  of  the  auricle ;  it 
is  most  often  seen  in  the  fossae  of  the  upper  half  of  the  outer 
surface,  in  the  neighbourhood  of  the  lobule,  and  in  the  angle 
between  the  ear  and  the  head.     Both  ears  are  generally  affected. 

The  appearances  resemble  those  of  eczema  on  other  parts  of 
the  body.  There  is  redness  and  swelling  of  the  skin,  followed  by 
the  formation  of  closely-set  vesicles,  which  are  apt  to  burst  and 
leave  raw  surfaces.  These  latter  become  covered  with  crusts, 
beneath  which  a  viscid  or  purulent  fluid  is  secreted.  In  time  the 
crusts  fall  off,  leaving  either  a  diy  surface  or  small  fissures  and 
ulcers,  covered  with  purulent  secretion.  In  slight  cases,  the 
process  sooner  comes  to  an  end;  the  vesicles  dry  up.  and  desqua- 
mation takes  place. 

When  the  meatus  is  the  seat  of  the  eruption,  the  epidermis 
soon  becomes  detached,  the  cutis  is  more  or  less  infiltrated  and 
swollen,  and  a  discharge  of  turbid  serous  fluid  is  a  common 
symptom.  The  appearances  then  resemble  those  of  diffuse  in- 
flammation of  the  meatus  ;  but  the  eruption  on  the  auricle  will 
serve  to  indicate  the  real  nature  of  the  case. 

Acute  eczema  generally  subsides  under  proper  treatment :  but 
the  duration  of  the  complaint  varies  from  a  few  days  to  several 
weeks,  and  the  eruption  is  very  prone  to  recur  and  to  break  out 
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on  iresh  portions  of  the  auricle.  After  repeated  attacks,  the  con- 
dition is  apt  to  pass  into  a  chronic  stage,  accompanied  b}'  thicken- 
ing of  the  part  and  other  changes.  The  subcutaneous  connective 
tissue  becomes  much  hypertrophied,  and  the  auricle  is  enlarged 
and  rigid,  while  the  meatus  is  lessened  in  calibre,  owing  to  the 
thickening  of  its  walls.  The  surface  is  covered  with  crusts  or 
scales,  or  both  forms  may  be  combined.  In  the  scaly  form,  the 
auricle  is  enlarged  and  reddened,  and  is  the  seat  of  continuous 
desquamation.  In  mild  cases,  the  eruption  is  confined  to  portions 
of  the  auricle  ;  but  in  severe  forms,  it  extends  over  the  entire  ear, 
and  to  the  face,  scalp,  and  neck,  as  well  as  into  the  meatus. 
Fissures  are  very  liable  to  form  in  the  normal  grooves  and  depres- 
sions, and  especially  behind  the  ear.  The  itching  is  generally 
ver}'  troublesome,  and  patients  not  infrequently  injure  the  part  in 
their  efforts  to  relieve  the  uncomfortable  sensation.  Noises  in  the 
ear,  arising  from  the  same  causes  as  in  the  acute  form,  are  often 
complained  of,  and  hearing  may  also  be  impaired  as  a  result  of 
congestion  of  the  Eustachian  tube  and  tympanum. 

Chronic  eczema  of  the  auricle  is  often  very  obstinate.  Proper 
treatment  will  generally  cause  improvement  or  recovery ;  but 
relapses  are  very  prone  to  occur. 

There  is  no  strict  line  of  demarcation  to  be  drawn  between 
the  acute  and  chronic  forms;  the  former  often  run  into  the  latter, 
and  cases  sometimes  occur  which  are  best  described  as  subacute. 
Thus,  in  j^oung  children  of  a  scrofulous  habit,  we  often  see  crust}"  and 
impetiginous  eczema  involving  the  posterior  surface  of  the  auricle, 
and  the  hollow  of  the  concha,  and  forming  part  of  a  widely-spread 
eruption  affecting  the  head  and  face.  These  forms  of  eczema  are 
distinguished  by  the  copious  production  of  scabs  and  crusts, 
attached  to  a  much-reddened  and  inflamed  base.  The  intense 
itching  causes  children  to  scratch  the  part  freely,  and  ugly 
bleeding  sores  are  thus  produced.  Febrile  sjanptoms  are  often 
marked,  and  the  absorption  of  the  purulent  secretions  causes 
swelling  and  sometimes  abscess  in  the  adjacent  glands. 

The  Diagnosis  of  eczema  of  the  ear  is  for  the  most  part  easy. 
Eare  cases  of  seborrhoea  resemble  the  scaly  form,  but  differ  in  not 
presenting  any  redness  and  infiltration. 

The  Prognosis  varies  with  the  nature  of  the  case.  The  most 
obstinate  forms  are  those  which  are  associated  with  constitutional 
conditions. 
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Treatment. — In  dealing  with  a  case  of  eczema,  the  general 
condition  of  the  patient  almost  invariably  requires  attention.  If 
there  be  evidences  of  anaemia,  good  food,  and  some  preparation 
of  iron  are,  of  course,  indicated,  and  arsenic  is  generally  advan- 
tageous in  these  cases.  In  scrofulous  subjects,  good  diet,  cod- 
liver  oil,  and  the  syrup  of  the  iodide  of  iron  will  aid  the  action 
of  local  remedies.  For  dyspeptic  and  gouty  subjects  alkaline 
purgatives  are  generally  suitable,  and  the  diet  and  mode  of  living- 
should  be  properly  regulated.  In  most  cases  of  chronic  eczema, 
and  especially  when  relapses  are  frequent,  a  course  of  arsenic 
will  prove  beneficial. 

The  local  treatment  of  eczema  affecting  the  ear  varies  with 
the  stage  of  the  complaint.  In  acute  eczema  the  auricle  should 
be  carefully  protected  from  irritation  ;  it  should  be  neither  washed 
nor  syringed,  but  kept  AA'^ell  anointed  with  vinolia,  or  failing  that, 
with  vaseline  or  other  emollient  ointment.  If  there  be  much 
inflammation,  the  solution  of  liquor  plumbi  subacetatis  applied 
on  lint  may  replace  the  ointment ;  and  for  the  relief  of  pain  the 
part  may  be  painted  over  with  a  2  to  5  per  cent,  solution  of 
cocaine.  Another  remedy'  for  this  stage  of  the  affection  is 
ichthj^ol  dissolved  in  alcohol  (1  part  to  50),  or  made  into  an 
ointment  with  vaseline  (1  to  10). 

When  the  stage  of  crust-formation  has  been  reached,  the 
scabs  must  be  removed  in  order  to  allow  remedies  to  act  on  the 
affected  part.  They  should  be  first  softened  by  the  application  of 
glycerine  or  almond  oil,  and  then  gently  detached.  After  their 
removal,  and  \^'ithout  irritating  the  skin  any  further,  the  auricle 
should  be  painted  over  with  some  medicated  ointment,  and  pieces 
of  linen  or  lint  smeared  over  with  the  same  ointment  are  then 
to  be  carefully  applied  and  kept  in  close  contact  with  the  affected 
part.  A  large  number  of  preparations  are  useful  for  the  purpose, 
and  may,  if  necessary,  be  tried  in  succession  until  a  good  result 
is  obtained.  The  ointments  of  zinc  and  of  boric  acid  are  fre- 
quently used  ;  the  Germans  recommend  Hebra's  diachylon  oint- 
ment, composed  of  equal  parts  of  diachylon  plaster  and  olive  oil. 
Whichever  ointment  be  selected,  the  lint  bearing  it  should  be 
closely  fitted  to  the  depressions  on  the  auricle,  and  a  small  plug- 
must  be  introduced  into  the  meatus.  The  dressings  should  be 
changed  at  least  twice  every  twenty-four  hours,  and  water  must 
not  be  used  for  cleansing  the  part,  but  this  should  be  effected  b}' 
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means  of  cotton  wool  and  a  little  olive  oil.  Salicylic  acid  is 
another  remedy  which  yields  good  results  in  these  cases  of  eczema, 
hoth  in  the  impetiginous  and  scaly  forms,  and  when  the  part  is 
covered  with  crusts.  One  part  of  the  acid  is  mixed  with  ten 
parts  of  soap  plaster  ;  the  mixture  is  spread  some^^'llat  thickh'  on 
linen,  which  is  to  be  carefulh^  applied  to  the  irregular  surface  of 
the  auricle.  If,  in  spite  of  this  treatment,  crusts  continue  to 
form,  the  part  should  be  painted  over  twice  a  da}'  with  balsam  of 
Peru,  which  tends  to  check  their  development. 

In  favourable  cases  the  crust-formation  ceases,  the  discharge 
lessens,  and  the  auricle  assumes  a  more  healthy  appearance.  In 
this  stage  it  should  be  carefully  protected  from  irritation  of  all 
kinds  ;  washing  is  to  be  prohibited,  and  cleansing  must  be  done 
with  cotton  wool,  after  which  vaseline  or  boric  acid  ointment  is 
to  be  applied. 

In  the  scaly  form  of  eczema,  the  treatment  depends  upon  the 
degree  of  the  affection  and  the  amount  of  infiltration  into  the  subcu- 
taneous tissue.  For  slight  cases,  the  white  precipitate  ointment 
is  a  good  application,  and  if  this  fail  recourse  may  be  had  to  boric 
acid  ointment,  or  to  a  solution  of  boric  acid  in  alcohol — 1  to  20. 
Dr.  Knapp*  reconnnends  an  ointment  of  the  yellow  oxide  of 
mercury  (1  to  2  per  cent.)  and  vaseline,  and  that  the  parts  should 
be  covered  ^^'ith  absorbent  cotton  as  a  protection  from  wind  and 
(^old.  In  more  severe  forms,  with  thickening  of  the  epidermis 
and  infiltration  of  the  cuticle  and  subcutaneous  tissues,  more 
active  remedies  will  be  required.  The  part  may  be  covered  with 
ialicylic  soap  plaster,  which  will  tend  to  soften  the  indurated 
parts,  and  will  remove  the  thickened  epidermis.  Salicylic  acid 
may  likewise  be  applied  as  a  pigment,  two  drachms  in  powder 
being  mixed  with  one  drachm  of  carbolic  acid  and  ten  of 
glycerine. 

Preparations  of  various  kinds  of  tar  are  often  useful  in  eczema. 
The  Oleum  Cadinum  (Iluile  de  Cade)  and  the  Oleum  Rusci  Pyro- 
ligneum  are  generally  used.  In  severe  cases,  one  of  these  is 
applied  on  a  stiff  brush  several  times  daily,  and  the  part  is  then 
dusted  over  with  powdered  starch.  When  the  skin  becomes 
softer  and  paler,  the  same  remedies  may  be  applied  as  ointments, 
diluted  with  vaseline  in  various  proportions.  Zinc  ointment  and 
an  ointment  composed  of  ichthyol  one  part  to  ten  parts  of  lano- 
*  Archives  of  Otolofiy,  vol.  xi.  p.  201. 
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line  are  sometimes  efficacious.  The  oleate  of  zinc,  combined  with 
equal  parts  of  vaseline,  is  said  to  be  preferable  to  ordinary  zinc 
ointment,  inasmuch  as  it  does  not  coat  the  surface  with  a  crust  of 
debris,  which  checks  healing,  and  irritates  the  part  on  removal. 
If  these  remedies  fail,  carbolic  acid  ointment  may  be  tried  (1  to  20 
of  vaseline,  with  a  little  glycerine),  or  a  solution  ma}'  be  used  com- 
posed as  follows:  acid  carbolic,  10  parts;  alcohol  and  glycerine, 
of  each  50   parts,  and  250  parts  of  water. 

When  the  external  meatus  is  the  seat  of  an  eczematous  erup- 
tion, it  must  be  kept  free  from  accumulation  of  debris,  but 
adherent  epithelial  crusts  must  not  be  forcibly  removed  by 
syringing,  which  would  act  as  an  irritant.  Gruber  recommends 
that  such  crusts  should  first  be  softened  by  applying  a  solution 
of  carbonate  of  potash  in  glycerine  (1  to  150) ;  the  ear  may  then 
be  carefully  spinged.  The  same  author  recommends  sulphate  of 
zinc  for  mild  cases,  without  pain;  it  may  be  dissolved  in  glycerine 
— 5  grains  to  the  ounce — and  of  this.  10  or  15  drops  warmed  are 
placed  in  the  ear  twice  or  three  times  a  day.  In  obstinate  cases  a 
solution  of  nitrate  of  silver — 8  grains  to  the  ounce — should  be 
painted  over  the  surface,  and  this  may  be  repeated  from  time  to 
time  after  the  blackened  epithelial  scales  fall  off.  AYhen  much 
swelling  exists,  and  the  canal  of  the  meatus  is  considerably 
obstructed,  a  small  pledget  of  lint  smeared  over  with  one  or 
other  of  the  above-mentioned  ointments  should  be  placed  in  it. 
so  as  to  exert  some  pressure  upon  its  walls.  In  more  marked 
cases,  it  may  be  necessary  to  use  tents  of  sponge  or  of  laminaria 
in  order  to  restore  the  normal  calibre  of  the  part. 

In  most  cases  of  eczema  it  is  necessary  to  try  several  remedies 
before  a  good  result  is  obtained,  and  the  list  of  those  at  the  com- 
mand of  the  practitioner  is  somewhat  lengthy.  After  the  eruption 
has  disappeared,  and  the  parts  have  assumed  their  normal  con- 
dition, it  is  desirable  to  guard  against  relapses  by  persevering 
Avith  some  mild  form  of  treatment.  Tlie  white  precipitate  oint- 
ment is  one  of  the  best  remedies  available  for  this  purpose. 
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CIRCUMSCRIBED  OR  FURUXCULAR  IXFLAMMATIOX  OF  THE 
EXTERNAL  MEATUS. 

In  this  complaint  the  inflammation  is  limited  to  one  or  more 
spots,  and  leads  to  the  formation  of  abscesses  or  boils.  Cases  of 
this  kind  are  somewhat  common,  their  frequency  being  due  to 
the  number  of  glandular  structures  contained  in  the  meatus,  the 
cartilaginous  portion  of  which  is  most  often  affected.  The 
disorder  is  more  common  in  adults  than  in  children,  and  is 
usually  limited  to  one  ear,  the  left  being  more  often  affected  than 
the  right.  Recurrences,  especially  during  the  spring  and  autumn, 
are  noticed  in  a  large  proportion  of  cases ;  epidemics  of  the 
complaint  have  been  observed  in  Paris  and  in  Vienna. 

Causes. — The  complaint  sometimes  occurs  in  persons  appa- 
rently healthy;  but  in  the  majority  of  cases  there  is  likewise 
some  disorder  of  the  general  health.  Sometimes  there  are  indi- 
cations of  plethora,  but  signs  of  impaired  nutrition,  scrofula,  and 
anaemia  are  much  more  common.  Furuncular  eruptions  in  other 
parts  not  infrequently  coexist ;  in  some  cases  an  eruption  of 
eczema  in  the  meatus  has  preceded  the  inflammation.  Exposure 
to  cold,  mechanical  irritation,  and  the  application  of  remedies  to 
the  meatus  are  occasionally  followed  by  the  development  of 
furuncles.  Chronic  suppuration  of  the  middle  ear  is  another,  and 
a  more  common  cause,  the  irritation  being  probably  due  to  the 
micro-organisms  contained  in  the  discharges.  Some  authorities 
are  of  opinion  that  in  cases  in  which  no  other  affection  is  present, 
furuncular  inflammation  of  the  meatus  is  almost  always  due  to 
pyogenic  bacteria.  Lowenberg*  was  the  first  to  demonstrate  the 
presence  of  such  organisms  in  the  pus  from  aural  furuncles,  and 
*  Archives  of  Otidogi/,  vol.  xi.  p.  273. 
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liis  ol)servations  have  been  confirmed  by  subsequent  investigators. 
According  to  his  view,  when  a  furuncle  has  once  been  formed  by 
an  accidental  accumulation  of  specific  micrococci  in  a  gland- 
follicle,  a  relapse  and  extension  are  brought  about  by  propagation 
of  the  microbes  on  the  surface  to  other  follicles,  thus  producing 
new  furuncles  by  auto-contagion.  Only  the  worst  cases  of 
furuncles  must  be  explained  by  the  circulation  of  micrococci  in 
the  blood.  Kirchner  states  that  he  has  often  discovered  the 
staphylococcus  pyogenes  aureus  in  the  pus  of  these  furuncles,  and 
has  produced  abscesses  in  animals  by  inoculating  them  with  the 
cultivated  products.  Other  experiments  prove  that  infection  may 
take  place  when  the  skin  is  perfectly  sound,  provided  that  the 
fluid  containing  the  micro-organisms  be  applied  to  it  ^^'ith  the  aid 
of  friction.  Microscopic  investigation  then  sho\\'s  that  the 
organisms  have  passed  into  the  hair-follicles.  It  is.  however, 
difficult  to  account  for  those  cases  in  which  the  application  of 
such  remedies  as  chloroform,  aether,  and  solutions  of  carbolic  acid 
to  the  meatus  is  followed  by  furuncular  inflammation.  Cases  in 
which  the  disorder  is  probably  due  to  direct  contact  with  decom- 
posing materials  are  seen  among  butchers  and  horse-slaughterers, 
and  persons  employed  in  dressing  hides.  In  diabetic  patients, 
the  meatus  is  occasionally  the  seat  of  furuncles,  and  this  part  may 
be  afiected  when  boils  follow  the  administration  of  bromide  of 
potassium.  Lowenberg  explains  the  relation  of  diabetes  to 
furuncles  by  stating  that  sugar  is  conducive  to  the  formation  of 
micrococci. 

Symptoms. — The  anterior  and  the  inferior  walls  of  the  meatus 
and  the  inner  surface  of  the  tragus  are  the  parts  most  often 
affected.  There  is  at  first  more  or  less  diffused  redness  and 
swelling,  which  soon  become  more  marked  and  defined,  so  that 
the  meatus  is  to  some  extent  obstructed.  In  some  cases,  two  or 
more  such  s^^'ellings  exist  at  the  same  time.  The  abscess  pursues 
the  ordinary  course ;  after  a  few  days  the  swelling  becomes 
softer,  and  evidences  of  suppuration  are  apparent.  If  left  to 
itself,  the  abscess  breaks  and  fragments  of  necrosed  connective 
tissue  escape  with  the  pus  and  blood.  Healing  is  sometimes 
retarded  by  the  formation  of  ulcers  or  granulations ;  but  usually 
the  abscess  closes  in  the  ordinary  way.  The  inflammation  is  apt 
to  spread  to  the  adjacent  parts ;  the  parotid  and  neighbouring 
lymphatic  glands  sometimes  become  swollen  and  painful,  and  the 
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tissues  covering  the  mastoid  process  may  be  similarly-  affected, 
especially  when  the  abscess  is  situated  on  the  posterior  wall  of  the 
meatus.  More  or  less  oedema  of  the  side  of  the  face  and  neck 
is  sometimes  present.  Should  the  inflammation  spread  to  the 
tissues  connecting  the  auricle  with  the  skull,  the  former  will 
project  from  the  side  of  the  head. 

The  Subjective  Symptoms  are  such  as  might  be  expected  from 
the  nature  and  seat  of  the  complaint.  Pain  is  always  more  or  less 
severe,  and  is  apt  to  be  accompanied  by  febrile  symptoms,  espe- 
cially if  the  deeper  parts  of  the  meatus  be  involved.  The  pain 
increases  with  the  progress  of  the  inflammation,  and  often  extends 
for  some  distance  around  the  ear.  It  is  aggravated  by  movements 
of  the  jaw.  as  in  speaking  and  eating,  and  by  touching  the  auricle; 
it  is  always  worse  at  night.  In  children,  high  fever  may  be 
accompanied  by  vomiting  and  delirium,  so  that  the  sjTiiptoms 
resemble  those  of  meningitis. 

Escape  of  the  contents  of  the  abscess  is  followed  by  marked 
relief  of  all  the  symptoms,  and,  unless  other  swellings  form,  the 
pain  rapidly  subsides,  and  is  succeeded  b}^  a  feeling  of  fulness  and 
itching,  which  soon  passes  off*.  For  some  days,  however,  move- 
ment of  the  jaw  may  be  more  or  less  painful. 

While  the  abscess  is  forming,  deafness  is  generally  present, 
though  the  patient  may  not  be  aware  of  any  difference,  unless  the 
meatus  be  completely  occluded.  When  the  deep  part  of  the  canal 
is  affected,  the  deafness  may  be  due  to  implication  of  the 
membrana  tympani.  Noises  in  the  ears,  and  sensations  of 
pressure  and  fulness,  are  often  complained  of.  These  symptoms 
are  due  to  hypersemia  and  increase  of  pressure  in  the  labyrinth, 
and  they  subside  after  the  abscess  has  burst  or  been  opened. 
When  the  inflammation  involves  the  more  external  portion  of  the 
canal,  the  subjective  symptoms  may  be  very  slight  or  altogether 
absent. 

In  exceptional  cases  the  abscess,  instead  of  healing  up,  con- 
tinues to  discharge  for  some  time.  According  to  Prof.  Gruber, 
this  peculiarity  is  due  mainly  to  the  position  of  the  abscess. 
Prolonged  suppuration  is  more  liable  to  occur  in  certain  parts  of 
the  auditory  canal  than  in  others,  and  increased  vascularity  would 
seem  to  account  for  the  difference.  Thus  when  the  upper  wall  is 
affected,  the  processes  are  peculiarly  severe  and  obstinate.  In  this 
part  the  vessels  are  larger  and  more  abundant  than  elsewhere,  and 
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the  tympanico-squamous  fissures  likewise  favour  the  spread  of 
inflammation.  The  general  health  of  the  patient  may  consider- 
ably influence  the  healing  process.  In  cachectic  subjects,  the 
abscess  not  infrequently  continues  to  discharge  a  thin  serous 
fluid,  which  is  found  to  be  connected  with  the  development  of 
granulations  or  poljrpoid  growths.  In  such  cases,  several  abscesses 
are  apt  to  form  in  succession,  causing  much  pain  and  distress  to 
the  patient. 

As  a  general  rule  the  consequences  of  furuncular  inflammation 
of  the  meatus  are  confined  to  the  canal  itself,  but  the  mischief 
sometimes  spreads  to  the  surrounding  bones  and  to  the  contents 
of  the  cranium.  Extension  to  the  parotid  may  easily  take  place 
through  the  clefts  in  the  cartilage,  and  if,  as  sometimes  happens, 
fissures  exist  in  the  upper  and  posterior  walls,  the  inflammation 
might  spread  to  the  base  of  the  brain  and  to  the  mastoid  cells. 

Diagnosis. — There  is  seldom  any  difficulty  in  distinguishing  an 
acute  abscess  from  other  affections  of  the  meatus  ;  it  is  only  in 
exceptional  cases  that  any  mistake  is  possible.  Of  the  tumours 
with  which  abscess  may  be  confounded,  onl}'  one,  viz.,  exostosis, 
originates  in  the  meatus,  while  others  starting  from  other  parts 
sometimes  protrude  into  the  canal.  In  exostosis,  the  tumour  is 
hard  and  resistant,  but  slightly  tender  on  being  touched,  does  not 
present  signs  of  inflammation,  and  its  appearance  never  rapidly 
changes. 

With  regard  to  tumours  projecting  into  the  meatus,  poh'pi 
occasionally  more  or  less  resemble  abscesses,  inasmuch  as  they 
sometimes  form  tense,  smooth,  and  shining  tumoars.  Their 
mode  of  growth  is,  however,  very  different,  being  painless  and 
comparatively  slow  ;  a  probe  can  be  passed  round  a  poh^pus  and 
between  it  and  the  wall  of  the  meatus,  and,  if  the  swelling  be 
pricked,  it  will  discharge  onl}'  a  little  blood  and  will  not 
diminish  in  size.  If  the  polj^pus  contains  cysts,  these,  of  course, 
will  collapse  when  pricked,  but  the  discharge  will  be  thin  and 
watery. 

Purulent  collections  finding  their  wa}^  into  the  meatus  from 
other  parts  far  more  closely  resemble  abscess  of  the  meatus  itself. 
Thus,  abscess  of  the  parotid  gland  may  extend  through  the  clefts 
in  the  cartilage,  or  through  the  line  of  union  between  this  and 
the  bone,  and  appear  as  a  swelling  in  the  walls  of  the  meatus. 
The  nature  of  the  case  will,  however,  appear  from  its  history  and 
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symptoms ;  in  parotid  abscess,  tliere  will  be  marked  swelling  in 
front  of  the  ear,  and  the  tumour  in  the  meatus  will  increase  in 
size  when  pressure  is  made  on  that  part.  The  cpiantity  of  pus 
discharged  will  be  greater  than  in  abscess  of  the  meatus,  and 
pressure  on  the  parotid  region  will  increase  the  flow.  Pus  may 
likewise  find  its  way  through  the  posterior  wall,  and  in  this  case, 
from  the  mastoid  cells  ;  but  there  will  be  no  difficulty  in  dis- 
tinguishing such  cases.  The  pain,  redness,  and  swelling  over  the 
mastoid  process,  the  symptoms  of  suppuration  within  the  tym- 
panum, and  the  history  and  progress  of  the  case  will  indicate  the 
source  of  the  mischief. 

Prognosis. — Furuncular  inflammation  is  rarely  a  serious  com- 
plaint, and  generally  ends  in  recovery.  Eelapses  are,  however, 
very  common,  and  in  debilitated  persons  the  pain  and  discharge 
will  tend  still  further  to  reduce  the  strength.  If  the  inflammation 
extend  to  adjacent  parts,  and  especially  to  the  mastoid  cells  or  the 
dura  mater,  the  prognosis  will  become  grave. 

Treatment. — If  the  case  be  seen  in  the  early  stage,  an  attempt 
may  be  made  to  cut  short  the  inflammation  ;  it  is,  however,  rarely 
successful.  Cold  may  be  applied  to  the  parts  by  means  of  Leiter's 
apparatus,  and  in  plethoric  subjects  purgatives  and  low  diet  are 
generally  advantageous.  Two  or  three  leeches  may  be  tried, 
applied  in  front  of  the  ear,  or  over  the  mastoid  process,  but  their 
application,  though  it  may  lessen  the  pain,  rarely  checks  the 
progress  of  the  inflammation.  Some  authorities  recommend  that 
nitrate  of  silver,  either  in  the  solid  form  or  in  a  strong  solution, 
should  be  applied  to  the  surface  of  the  meatus.  Scarification  of 
the  reddened  and  swollen  portion  is  another  plan  which  sometimes 
a,vails  to  cut  short  the  inflammation  ;  but  it  is  better  to  make  a 
single  free  incision  into  the  tumour.  This  will  relieve  tension, 
and  the  pus,  if  not  reached  by  the  incision,  will  more  readilv  make 
its  way  into  the  opening.  There  is  yet  another  plan  having  the 
same  object,  and  recommended  by  Dr.  Gruber.*  This  consists  in 
the  introduction  into  the  ear  of  conical   plugs   of  gelatine,   con- 

Itaining  about  the  sixth  of  a  grain  of  extract  of  opium,  or  half 
the  quantity  of  hydrochlorate  of  morphine.  These  preparations 
are  used  as  follows  :  the  external  meatus  is  carefully  cleansed  with 
a  warm  4  per  cent,  solution  of  carbolic  acid,  the  "aural  ovoid" 
is  then  introduced  into  the  ear  with  a  pair  of  forceps,  and  retained 
*  Lehrhuch  dcr  OhrenlieWainde.  IJ.  Aufl.  S.  292. 
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in  position  with  a  little  cotton  wool.  The  gelatine  rapidly  dis- 
solves and  acts  as  an  antiphlogistic,  while  the  morphine  relieves 
the  pain.  The  application  is  to  be  renewed,  according  to  the 
symptoms,  from  once  to  three  or  even  four  times  a  day.  and  when 
improvement  has  taken  place,  half  the  quantit}^  may  prove  suffi- 
cient. Dr.  Gruber  states  that  since  he  has  made  use  of  these 
preparations,  he  has  witnessed  excellent  results,  and  has  rarelv 
had  recourse  to  scarification,  a  method  which  he  formerly 
recommended.* 

AVhen  j^ns  has  obviously  formed,  a  free  incision  is  the  proper 
treatment,  and  bleeding  should  be  encouraged  by  pouring  warm 
water  into  the  ear.  A  knife,  resemblino-  that  used  for  tenotomv, 
is  the  best  instrument  for  making  the  incision,  which  should 
extend  down  to  the  bone  or  cartilage.  After  the  operation  the 
wound  should  be  painted  over  with  carbolised  glycerine  or  solu- 
tion of  boric  acid,  and  then  it  is  well  to  insert  a  small  pledget  of 
moistened  lint,  but  not  so  thick  as  to  cause  pain.  As  a  general 
rule  the  suppuration  soon  ceases,  the  swelling  passes  off,  and  the 
wound  heals  in  a  few  days.  The  boric  acid  solution  may  be 
applied  several  times  daily  until  cicatrisation  is  complete. 

If  the  case  be  considered  as  not  quite  ready  for  incision, 
attempts  should  be  made  to  hasten  the  suppuration,  and  at  the 
same  time  to  relieve  the  pain.  When  the  abscess  is  situated  in 
the  deeper  part  of  the  meatus,  both  indications  may  be  fulfilled 
by  instilling  from  time  to  time  warm  decoction  of  poppies,  to 
Avhich  a  little  laudanum  has  been  added.  The  fluid  should  be 
dropped  into  the  ear  every  half-hour,  and  allowed  to  remain  for 
several  minutes,  when  the  meatus  should  be  plugged  with  cotton 
wool.  For  abscesses  involving  the  cartilaginous  portion,  plugs  of 
cotton  wool,  saturated  with  a  warm  solution  of  the  acetates  of 
lead  and  of  morphine,  are  the  best  applications.  The  exposure 
of  the  ear  to  steam  and  the  use  of  warm  poultices  to  the  auricle 
are  to  be  deprecated  ;  the  latter  is  apt  to  cause  inflammation  of 
the  parotid  gland  and  periostitis  of  the  mastoid  process.  For  the 
relief  of  violent  pain,  recourse  may  be  had  to  a  morphine  oint- 
ment, 1  to  50  of  vaseline,  and  the  same  remedy  may  be  given 
internallv    or  injected  subcutaneously.     Politzer  recommends  the 

*  These  "aural  ovoids  "  can  now  be  obtained  from  Messrs.  Bullock  &  Co.,  of 
Hanover-street,  Regent-street.  (See  note  on  page  242  of  the  translation  of  Dr. 
Gruber's  work.) 
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introduction  into  the  meatus  of  a  longish  piece  of  lard  covered 
with  morphine  and  boric  acid  ointment  (boric  acid.  gr.  15 ; 
vaseline,  gr.  300  ;  morph.  acet.,  gr.  3).  The  same  author  points 
out  that  antiseptic  treatment  is  of  great  value  in  dealing  with 
furunculosis  of  the  external  meatus.  Repeated  eruptions  are  not 
uncommon,  and  are  doubtless  due  to  bacteria.  The  best  remedies 
are  carbolic  acid  mixed  with  glycerine  (1  part  to  30)  applied 
with  a  brush,  and  boric  acid  in  powder  or  in  an  alcoholic  solution; 
these  remedies  may  be  used  both  before  and  after  the  abscess  has 
burst  or  been  opened.  Lowenberg  recommends  boric  acid  in 
aqueous  or  alcoholic  solutions,  both  before  and  after  the  escape 
of  pus.  It  is  well  indeed  to  persevere  with  the  antiseptic  treat- 
ment after  incision  and  until  the  wound  is  healed:  the  subsequent 
development  of  furuncles  is  thus  checked.  In  obstinate  cases, 
with  frequent  relapses,  a  solution  of  perchloride  of  mercury  in 
alcohol  (1  to  1,000)  may  be  dropped  into  the  ear  thrice  a  day.  and 
a  warm  solution  of  calcium  sulphide  (1  per  cent.)  has  likewise 
been  recommended.  Even  should  there  be  no  second  abscess,  an 
irritable  state  of  the  meatus  often  continues  for  some  time.  For 
this  condition,  white  precipitate  ointment  is  a  very  good  applica- 
tion. Granulations  and  polypoid  excrescences  are  best  treated  by 
the  careful  removal  of  secretion  and  touching  them  with  a  solution 
of  chromic  acid,  and  afterwards  insufflating  powdered  boric  acid 
into  the  meatus  several  times  a  day.  In  obstinate  cases  the 
instillation  of  alcohol  is  often  beneficial.  As  in  most  cases 
of  furuncular  inflammation  of  the  meatus,  the  general  health 
is  impaired,  tonics  and  other  suitable  constitutional  remedies 
must  not  be  omitted. 
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CHAPTEE    XIY. 

DIFFUSE  IXFLAMMATKjX   nF  THE  FXTEEXAL  AULHTORY 

AIEATUS. 

TfflS  affection  occurs  in  two  main  fomis  :  in  the  first,  the 
inflammation  involves  only  the  superficial  layers  of  the  cutis,  -^ith 
desquamation  as  a  result.  In  the  second  form,  the  various  layers 
of  the  soft  parts  lining  the  meatus  are  uniformly  affected,  the 
inflammation  being  of  the  phlegmonous  character,  and  presenting 
the  ordinary  symptoms.  The  process  extends  over  more  or  less 
of  the  meatus,  and  generally  involves  the  membrana  t^Tupani  and 
the  tympanum  itself. 

Causes. — Diffuse  inflammation  of  the  meatus  is  somewhat  more 
common  in  children  than  in  adults :  it  seldom  occurs  as  an 
idiopathic  affection.  It  most  often  follows  upon  infl animators- 
diseases  of  the  middle  ear  attended  with  perforation  of  the 
membrane ;  and  it  is  sometimes  witnessed  Cas  a  result  of  extension 
from  the  surface)  in  the  course  of  scarlet  fever,  measles,  and  small- 
pox. Severe  eczema  of  the  meatus,  especially  if  the  part  be 
irritated,  may  lead  to  diffuse  inflammation.  Tlie  presence  of 
foreign  bodies,  accumulations  of  cerumen  and  chemical  irritants, 
are  less  frequent  causes.  A  peculiar  form  of  the  complaint  is 
due  to  the  presence  of  frmgi.  When  associated  with  purulent 
inflammation  of  the  middle  ear,  it  is  probably  due  to  the  micro- 
organisms contained  in  the  discharges.  An  attack  of  diffuse 
inflammation  sometimes  results  from  the  entrance  of  cold  water 
during  bathing.  Syphilis  is  an  occasional  cause,  and  an  abscess 
is  sometimes  the  starting-point  of  diffused  inflammation,  which 
may  extend  over  the  entire  meatus.  Cases  due  to  diphtheria  will 
be  described  in  a  subsequent  chapter. 
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Symptoms. — These  are  more  severe  than  in  the  circumscribed 
form.  In  acute  cases  the  patients  complain  of  severe  pain, 
deafness  and  noises  in  the  ears,  and  more  or  less  fever  generally 
accompanies  these  symptoms.  If  the  inflammation  be  of  a  super- 
ficial character,  on  examining  the  ear  the  meatus  will  be  found  to 
be  reddened  and  somewhat  swollen,  and  its  surface  covered  with 
scales  of  desquamated  epidermis.  In  the  phlegmonous  form,  the 
osseous  portion  of  the  canal  is  most  often  affected,  and  the  red- 
ness and  swelling  are  very  marked.  The  membrana  tympani  is 
likewise  implicated,  and,  if  the  parts  will  permit  the  introduction 
of  a  speculum,  it  is  seen  to  be  dull  and  hypersemic,  especially  at 
the  peripher}^  and  along  the  handle  of  the  malleus.  Its 
boundary  is  also  indistinct,  in  consequence  of  the  swelling  of  the 
wall  of  the  meatus.  Abscess  may  form  in  the  membrane,  and 
cause  perforation  and  inflammation  in  the  tympanum.  As  the 
case  proceeds,  the  appearances  vary  according  as  the  deeper  or  the 
more  superflcial  parts  are  involved.  When  the  latter  are  mainly 
affected,  in  the  course  of  a  few  days  more  or  less  secretion  escapes 
from  the  meatus,  the  fluid  being  at  first  serous  and  tinged  with 
blood,  and  afterwards  purulent.  Its  odour,  which  is  generally 
very  marked  and  disagreeable,  is  due  to  the  presence  of  sapro- 
phytic bacilli.  When  the  deeper  parts  are  affected,  there  is  a 
diffused  swelling,  more  or  less  hard  and  red,  not  always  uniform, 
but  usually  more  prominent  in  some  parts  than  in  others. 

When  the  inflammation  has  conniienced  in  the  osseous  portion 
of  the  meatus,  it  generally  extends  to  the  periosteum  and  to  the 
connective  tissue  of  the  cartilaginous  part.  The  integument 
over  the  mastoid  process  and  the  parotid  and  neighbouring 
lymphatic  glands  is  apt  to  become  swollen  and  painful.  The 
subsequent  course  of  the  complaint  depends  mainly  on  the  causes 
to  which  the  inflammation  was  due.  External  otitis,  set  up  by 
foreign  bodies  or  other  irritants,  generally  subsides  under  proper 
treatment ;  but,  in  other  cases,  improvements  are  wont  to 
alternate  with  relapses,  and  many  weeks  may  pass  before  the 
inflammation  really  comes  to  an  end.  The  constitutional  con- 
dition of  the  patient  has  a  marked  influence  on  the  course  of  the 
inflammation.  In  scrofulous  and  debilitated  subjects,  the  swelling 
is  apt  to  be  less  marked,  the  walls  of  the  meatus  are  relaxed  and 
studded  over  with  granulations,  covered  with  a  thin  secretion, 
having  an  unpleasant    odour,  and  sometimes    mixed  with  blood. 
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The  condition  is  likely  to  prove  obstinate,  and   fails   to  subside 
until  proper  attention  is  paid  to  the  general  condition. 

There  is  a  rare  form  of  the  disease  which  is  characterised  by 
the  appearance  of  haemorrhagic  vesicles  on  the  walls  of  the  osseous 
portion  of  the  canal  (otitis  externa  hsemorrhagica).  According 
to  Dr.  Gorham  Bacon,*  this  form  occurs  usually  without  any 
known  cause,  in  young  persons,  and  commences  with  moderate 
pain,  tinnitus,  and  slight  deafness.  On  examination,  the  vesicles 
appear  as  dark  blue  elongated  swellings  in  the  osseous  meatus, 
generally  on  the  inferior,  more  rarely  on  its  posterior  wall ;  they 
often  extend  inwards  to  the  membrana  tympani  and  outwards  to 
the  cartilaginous  meatus,  and  block  up  the  canal  to  a  greater 
or  less  extent.  The  condition  is  that  of  superficial  inflammation 
of  the  cutis,  the  epidermis  being  raised  by  the  hgemorrhagic 
exudation.  The  swelling  is  soft  and  yielding,  and  is  easily 
punctured;  the  fluid  that  escapes  is  more  or  less  tinged  with 
blood.  When  left  to  itself,  either  the  vesicle  gives  way,  or  its 
contents  become  absorbed,  the  process  being  completed  in  from 
eight  to  fourteen  days.  Males  are  more  often  afl'ected  than 
females,  and  the  left  meatus  is  more  frequently  involved  than 
the  right.  The  pain  is  seldom  severe.  Dr.  Swain f  has  recorded 
five  cases  of  this  character,  more  or  less  closety  associated  with 
attacks  of  influenza. 

The  most  frequent  result  of  diffiise  external  otitis  is  a  return 
to  the  normal  condition,  but  for  some  time  before  this  is 
established,  there  may  be  increased  formation  and  detachment 
of  epidermis,  or  increased  secretion  of  cerumen.  Inasmuch  as 
the  membrana  tympani  is  often  implicated,  perforation  is  not 
uncommon.  Sometimes  the  complaint  passes  from  the  acute  to 
the  chronic  form  ;  the  pain  and  fever  subside,  A\'hile  the  discharge 
continues  in  increased  quantity,  and  such  consequences  as  hyper- 
trophy of  the  cutis,  granulations,  and  bony  growths  in  the  meatus, 
more  or  less  occluding  the  canal,  may  become  developed  in  the 
course  of  time.  Syphilitic  and  diphtheritic  inflammation  may 
result  in  extensive  destruction  of  the  soft  parts  and  of  the 
osseous  walls,  with  consequences  dangerous  to  life  ;  in  less  severe 
cases,  adhesions  and  contractions  of  the  canal  are  sometimes  thus 
caused. 

*  Archives  of  Otolofiy,  vol.  xix.  p.  1. 
t  Ibid.,  vol.  XX.  p.  197. 
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The  Prognosis  of  diffuse  external  otitis  is  for  the  most  part 
favourable,  and  especially  if  the  complaint  be  confined  to  the 
soft  parts  of  the  canal.  If,  however,  the  bone  be  implicated,  or 
if  the  mischief  spread  to  the  membrana  tympani  and  tympanum, 
the  consequences  may  be  very  serious,  though  they  may  not  be 
exhibited  until  long  after  the  disease  in  the  meatus  has  quite 
subsided, .  The  inflammation  has  been  known  to  extend  through 
the  superior  and  posterior  wall  of  the  osseous  meatus  to  the 
mastoid  cells,  and  also  to  the  lateral  sinus.  It  may  likewise 
extend  upwards  to  the  base  of  the  skull,  and  produce  lesions  in 
the  membranes  and  in  the  brain  itself.  The  inflammation  may 
extend  in  yet  another  direction,  viz.,  forwards  to  the  articulation 
of  the  lower  jaw,  and  to  the  parotid  gland.  In  the  former 
instance,  its  course  is  favoured  by  the  existence  of  a  fissure  in 
the  osseous  wall ;  and  in  the  latter,  by  a  similar  condition  in  the 
cartilage.  AYith  regard  to  the  condition  of  the  tympanum,  it  may 
be  impossible  to  foretell  with  accuracy  the  result  of  perforations  or 
of  extensive  infiltration  in  the  membrane  ;  though  if  the  perforation 
be  small,  and  there  be  no  serious  constitutional  dyscrasia.  it  may 
be  expected  to  heal  in  a  few  weeks.  The  same  may  be  said  of 
thickening  and  infiltration  ;  this  condition  may  subside  without 
impairment  of  hearing,  but  in  severe  cases,  and  especially  if 
periostitis  and  other  complications  be  present,  the  change  for 
the  worse  is  likely  to  be  permanent.  In  scrofulous,  much 
debilitated  children,  the  prognosis  is  very  unfavourable  ;  destruc- 
tion of  the  membrane  and  permanent  loss  of  hearing  are  likely 
to  result. 

Treatment. — The  indications  are  much  the  same  as  in  the 
circumsci'ibed  form  ;  the  causes  of  the  complaint  must  be  sought 
for  and  removed  when  possible.  If  the  patient  be  seen  at  the 
commencement,  when  hyper^emia  is  very  marked,  the  best  plan 
is  to  scarify  the  swelling  freely  ;  tension  and  pain  will  be  thereby 
much  relieved,  and  the  progress  of  the  inflammation  may  possibly 
be  cut  short.  When  desquamation  and  a  moist  condition  of  the 
surface  are  the  prominent  s^'mptoms,  the  insufilation  of  calomel 
or  finely  powdered  iodoform  will  prove  efficacious.  When  the 
surface  becomes  dry,  an  ointment  containing  5  per  cent,  of 
naphthol  forms  a  good  application.  If  the  process  has  gone  on 
to  suppuration,  a  free  incision  is  urgenth^  indicated,  and  delay 
may  be  attended  with  very  serious  local  and  general  results.     All 
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otiinulatiiig  applications  must,  of  course,  be  avoided  in  the  early 
stages  :  warmth  may  be  applied  by  means  of  Leiter's  apparatus 
filled  with  warm  water.  In  the  chronic  stage  attended  with 
free  discharge  constitutional  treatment  is  always  required.  The 
insufflation  of  finely  powdered  boric  acid  is  the  best  local  measure^ 
and  if  rhis  fail,  a  few  drops  of  warm  rectified  spirit  may  be  poured 
into  the  meatus.  A  strong  solution  of  nitrate  of  silver  (20  to  30 
grains  or  more  to  gi.)  is  another  remedy.  For  the  relief  of  pain, 
the  surface  may  be  painted  over  with  a  solution  of  atropine,  using 
TTLiij.  of  a  1  per  cent,  solution. 


is; 
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CROUPOUS  AND  DIPHTHERITIC  INFLAMMATION  OF  THE 
EXTERNAL  AUDITORY  MEATUS. 

Croupous  Inflammation  of  the  External  Ear  is  veiy 

rarely  seen,  though  Wilde  alludes  to  its  occurrence,  and  several 
cases  are  reported  by  German  authorities.  The  osseous  portion 
of  the  canal  is  the  seat  of  the  deposit,  which  takes  the  form  of 
greyish-white  false  membrane,  easil}'  removable  by  means  of  a 
probe.  The  attempt,  however,  causes  severe  pain,  and  more  or 
less  hemorrhage.  The  membrana  tympani  is  similarly  covered, 
and  the  formation  is  repeated  from  time  to  time  until  the  whole 
mass  comes  away,  and  the  process  terminates.  The  development 
of  the  deposit  is  attended  with  pain  and  slight  fever,  and  in  one 
case  was  associated  with  a  similar  exudation  on  the  tonsils.  In 
other  instances,  the  deposit  appeared  in  the  course  of  middle  ear 
inflammation  and  circumscribed  external  otitis.  The  prognosis  is 
favourable  ;  the  complaint  comes  to  an  end  spontaneously  in  a. 
few  days,  and  may  be  cut  short  by  the  insufflation  of  boric  acid. 

Diphtheritic  Inflammation  of  the  Meatus  is  attended 

Avith  marked  febrile  symptoms  and  pain  of  a  very  violent 
character.  The  affected  spots  are  covered  with  patches  of  white 
exudation,  which  remain  for  some  time  firmly  adherent,  and 
whose  detachment  reveals  deep  ulcers  and  fissures.  A  purulent 
or  bloody  discharge  escapes  from  the  ear,  the  parts  are  consider- 
ably swollen,  and  the  surrounding  structures  are  in  a  similar 
condition.  The  exudation  may  be  found  both  on  the  auricle  and 
in  the  meatus,  or  it  may  be  confined  to  one  of  these  parts  ;  in 
some  cases  a  similar  exudation  is  found  in  the  throat,  nose,  and 
mouth. 
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Diphtheritic  exudation  is  said  not  to  occur  when  the  cutis  is 
sound,  and  in  most  of  the  cases  which  have  been  observed  the 
deposit  has  been  of  a  secondary  character,  affecting  ears  already 
the  seat  of  ordinar}-  inflammation.  The  patients  are  generally 
scrofulous  and  debilitated  subjects,  whose  ear  affection  has  been 
neglected.  In  one  case  the  diphtheritic  deposit  made  its  appear- 
ance after  the  patient  had  held  her  ear  over  a  vessel  of  hot  water, 
probably  impure,  for  the  relief  of  external  otitis.  In  the  course 
of  a  few  days  violent  pain,  accompanied  by  fever,  was  experienced, 
and  ^^'hen  the  ear  was  examined,  a  Avhite  diphtheritic  deposit, 
firmly  adherent  and  bleeding  when  touched,  was  detected  in  the 
meatus. 

The  course  of  the  disease  varies.  Sometimes  the  exudation 
is  speedily  detached ;  sometimes  it  remains  adherent  for  many 
da^^s,  and  when  separation  takes  place  a  fresh  deposit  ensues. 
After  detachment,  ulcers  may  remain  for  a  considerable  period, 
and  cause  much  trouble.  In  very  severe  cases  gangrene  of  the 
soft  parts  may  result  from  diphtheritis  of  the  meatus.  The 
complication  has  been  observed  in  institutions  in  which  a  case  of 
gangrene  had  occurred ;  the  patients  are  usually  scrofulous  and 
ill-nourished  children.  It  has  also  been  noticed  in  an  epidemic 
form.  The  progress  of  the  local  affection  is  very  rapid;  the 
inflammation  may  be  confined  to  small  spots,  but  it  speedih'  leads 
to   p'ano-rene.     More    or    less   extensive    slouo-hs  form,  extendino- 
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through  the  soft  parts  to  the  bones,  which  may  also  perish,  and 
the  destruction  has  been  known  to  spread  to  the  cheek,  forehead, 
and  neck. 

The  Diagnosis  of  diphtheritis  of  the  external  ear  depends  upon 
the  discovery  of  the  firmly-adherent  membrane,  attempts  to 
remove  which  qause  much  pain  and  haemorrhage.  The  nature  of 
the  exudation  is  placed  bej'ond  doubt  if  the  nose  or  pharynx  be 
the  seat  of  a  similar  deposit,  or  if  an  epidemic  of  the  complaint 
be  raging  in  the  neighbourhood. 

The  Prognosis  varies  with  the  general  state  of  the  patient ;  it  is 
favourable  if  the  health  be  otherwise  good,  and  if  the  complaint 
be  seen  in  an  early  stage.  It  is  unfavourable  under  opposite 
conditions,  and  also  if  there  be  similar  deposits  in  the  pharynx  or 
nose.  In  cases  in  ^^'hich  the  throat  is  affected,  the  mischief  is  apt 
to  spread  along  the  Eustachian  tube  to  the  middle  ear.  Such 
•extension  is  sometimes  witnessed  in  cases  of  scarlatina,  thouo-h  in 
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that  complaint  middle  ear  suppuration  more  often  occurs  without 
a  diphtheritic  process.  When  this  latter  is  present,  it  almost 
always  causes  serious  changes,  not  only  in  the  membrana  tympani 
and  the  ligaments  of  the  ossicles,  but  in  the  walls  of  the  cavity. 
Impairment  of  hearing  is  almost  certain  to  occur,  even  without 
caries  of  the  labyrinth ;  it  is  said  to  be  due  to  secondary 
inflammation  with  small-celled  infiltration  of  the  membranous 
labyrinth. 

Treatment. — Antiseptic  remedies  are  to  be  relied  upon  for  the 
treatment  of  diphtheritis  of  the  external  ear.  When  the  affection 
is  of  a  primary  character,  Politzer  recommends  that  the  meatus 
should  be  filled  from  time  to  time  with  lime-water,  in  order  to 
promote  detachment  and  separation  of  the  diphtheritic  membrane. 
The  fluid,  first  warmed,  should  be  allowed  to  remain  in  the  ear 
for  about  twenty  minutes.  The  meatus  is  then  to  be  syringed 
out  with  a  weak  solution  of  boric  acid,  after  which  the  same  drug, 
finely  powdered,  or  iodoform  should  be  blown  into  the  ear.  The 
local  application  several  times  daily  of  solution  of  the  perchloride 
of  iron  (1  to  10  gh^cerine)  is  also  recommended.  •  If  relapses 
occur,  the  affected  parts  should  be  brushed  over  with  carbolised 
glj^cerine  (1  to  15)  or  carbolised  spirit  (1  to  20),  and  several 
times  a  day  the  meatus  should  be  filled  with  an  alcoholic  solution 
of  boric  acid  (1  to  20),  or  with  a  similar  solution  of  salicylic 
acid  (1  to  100),  or  of  perchloride  of  mercury  (1  to  1,000). 
No  attempt  should  be  made  to  remove  the  false  membrane  by 
mechanical  means. 
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PArtASITIC  IXFLAMMATIOX  OF  THE  EXTERNAL  MEATUS. 


Symptoms  of  inflammation  in  the  external  meatus  are  occasionally 
due  to  the  growth  and  accumulation  of  certain  fungi,  of  which 
the  asjiergillas  ni(jer,  flavescens  and  famigahts,  and  the  trichothecium 
roseum  are  the  most  common.  It  is  only  during  the  last  thirty 
years  that  these  parasites   have  been   carefully  studied  ;   at  first 


Fig.  &2. 

ASPEROILLIS  NKiER  :    IIkads  AVITK  CoxiDiA.     X  600.     {Siebe7im(mn.) 

their  effects  were  supposed  to  be  limited  to  the  membrana 
tympani,  but  it  is  now  fully  recognised  that  external  otitis  may 
be  due  to  their  presence.  It  is,  however,  true  that  in  their 
advanced  stages  of  development  they  are  most  commonly  found 
on  the  membrane,  and  in  the  adjoining  portion  of  the  meatus, 
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where  they  set  up  superficial  inflaiiiniation.  The  fungi  are 
generally  mixed  with  masses  of  epidermis,  cerumen,  hairs,  and 
inspissated  secretions,  the  colour  of  which  they  modify  in  various 
ways.  Sometimes  they  appear  in  tiny  patches,  of  a  black,  brown, 
yellow,  greenish,  or  even  reddish  tinge.  In  a  case  recorded  by 
Dr.  Knapp,  a  cotton  pellet,  which,  moistened  with  glycerine 
lotion,  had  lain  for  some  time  at  the  bottom  of  the  canal,  and 
served  as  an  artificial  drum-head,  was  found  covered  and 
pervaded  with  asper(jillus  niger. 

The  Microscopical  Appearances  differ  according  to  the  kind  of 
the  parasite  and  the  stage  of  its  development.  In  the  fully- 
formed  asjiergilhis  niger,  there  is  a  greyish-white  base  or 
mycelium,  from  which  small  tubes  sprout  upwards.  These 
have  a  double  contour,  and  are  sometimes  divided  transversely ; 
at  their  unattached  ends  they  present  enlargements,  or  recept- 


FiG.  63. 

Aspergillus  NiGKR:  Fouk  Sprouting  SxKKKiiMATA.     x  250.    (Siebcnmann.) 

acles,  consisting  of  penicillate  cells,  to  which  lines  of  spores  are 
attached.  The  colour  of  these  spores  varies  according  to  the 
kind  of  fungus ;  some  are  yellowish  or  reddish  ;  others,  black. 

Experiments  have  shown  that  the  presence  of  these  spores 
is  not,  j7er  se,  sufficient  to  cause  inflammation  in  the  healthv 
ear,  but  other  conditions,  either  of  an  individual  or  local 
character,  appear  to  be  at  the  same  time  necessary.  Anything 
which  tends  to  loosen  or  detach  the  epidermis  assists  the  action 
of  the  fungi  upon  the  cutis  :  thus,  Politzer  *  has  recorded  a 
case  in  which  the  meatus  was  filled  with  aspergilli,  but  showed 
no    sign    of  inflammation.      He    slightly  incised    the  cutis,   and 

L after    a    few    days    inflammatory    infiltration    became    developed, 
and   required    fourteen    days    for    its     subsidence.       In     another 
case    the    inflammation  was    excited    by  a  scratch    caused    by  a 
speculum. 
*  Zoc.  cit„  Erste  Aiifl.  S.  690. 
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The  cerumen  of  the  ear  is  said  to  be  an  unfavourable  medium 
for  the  growth  of  these  fungi,  and  their  development  is  quickly 
checked  by  decomposed  pus  on  account  of  the  ammonia  which 
it    contains.*     Fresh    pus   has    no    such    effect   upon   aspergilli, 


Fig.  64. 

Aspergillus  Fumigatus  :   Hyph.«  and  Organs  of  Fructification. 
Culture  ix  Gelatixe.     x  60.    {Siebenmann.) 


Fig.  65. 

Aspergillus  Fumigatus  :   Tvpical  Specimen-  of  Head,     x  300.    {Siebenmann.) 


which  have  been  found  in  the  discharge  in  a  case  of  suppura- 
tion of  the  middle  ear.  The  growth  of  the  fungus  is  favoured  by 
anything  which  tends  to  render  the  discharge  more  serous  in 
character,  and  to  prevent  decomposition.  Hence  solutions  of 
tannin    and    zinc    stimulate  the  development   of  the   aspergillus. 

"^  F.  Siebenmann,  Archives  of  Otology,  vol.  xii.  p.  207. 
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The  spores  find  a  favourable  resting-place  in  the  meatus,  inas- 
much as  they  are  kept  at  a  suitable  temperature,  and 
are  protected  from  external  and  mechanical  agencies.  Fatty 
substances  (the  cerumen  being  an  exception)  would  appear 
to   favour  their  growth,'  and    they    are    said  to    be    most   often 


Fig.  66. 

Aspergillus  Fumigatls  :  Spherical  Heads  without  CoxitiiA.     x  300.    {Siebenmaiin.} 


Fig.  67. 

AsPKRGiLLUS  Fu.MlGATUS  :    MYCELIUM.     X  600.     (Miebtumcain.) 

met  with  in  persons  dwelling  in  damp  rooms.  Politzer 
observed  a  case  in  a  young  man  employed  in  the  manufacture 
of  yeast.  Children  are  rarely  aifected ;  the  majority  of  the 
])atients  are  middle-aged,  and  are  found  to  have  suffered  at 
some  time  or  other  from  chronic  catarrh  of  the  tympanum,  or 
from  some  inflammatory  affection  of  the  meatus,  for  the  relief 
of  which    oil    of   some    kind   has   been    applied.     It  would    also 

13 
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appear  that  the  mycelia  are  able  to  penetrate  into  the  tissues 
of  the  nienibrana  tynipani. 

Symptoms. —  Fungi  may  be  present  in  the  meatus  without 
causing  any  subjective  symptoms,  and  in  order  for  them  to  set 
up  irritation  some  loosening  or  detachment  of  the  epidermis 
appears  to  be  necessary.  Their  presence  then  produces  a 
sensation  of  fulness,  itching,  or  even  pain,  noises  in  the  ears, 
and  some  amount  of  deafness.  The  pain  is  said  to  be  of  a 
dull,  heavy  character.  The  tinnitus  and  deafness  are  due  in 
part  to  pressure  on  the  membrana  tympani,  and  partly  to 
irritation  of  the  more  internal  portions  of  the  ear.  The  presence  of 
the  fungi  usually  gives  rise  to  more  or  less  thin  serous  discharge. 

On  examining  the  meatus  the  fungus-masses  are  found  to 
occupy  the  inner  third,  and  to  overlie  the  membrana  tympani  in 
the  form  of  a  yellowish  or  whitish  layer,  from  ^^'hich  minute 
stalks  with  rounded  heads  may  occasionally  he  seen  to  rise. 
These  hair-like  projections  give  a  velvety  appearance  to  the 
mass,  and  the  colour  of  the  surface  depends  upon  the  kind  of 
fungus.  Sometimes  the  growths  appear  in  patches  over  the 
membrane,  and  sometimes  they  are  confined  to  the  meatus. 
The  former  is  the  most  usual  seat  of  the  fully-developed  fungi ; 
after  their  removal,  which,  in  the  early  stage,  is  a  matter  of 
some  difficulty,  the  spots  to  which  they  were  attached  present 
a  reddened  appearance,  and  are  devoid  of  epidermis.  If  the 
redness  prove  permanent,  a  re-development  of  the  parasite  may 
be  anticipated. 

The  course  of  the  complaint  may  be  either  acute  or  chronic ; 
if  left  to  itself  the  parasitic  mass  becomes  fully  developed  in  from 
one  to  two  weeks.  It  may  then  become  either  partly  or  entirely 
detached,  but  relapses  are  very  apt  to  take  place  in  the  absence  of 
treatment,  so  that  the  disorder  becomes  chronic.  Perforation  of  the 
tympanum  may  result  from  the  inflammation.  Syi'inging  the  ear 
always  relieves  the  pain  and  other  symptoms ;  but  unless  proper 
treatment  be  superadded,  the  improvement  is  only  temporary. 

Diagnosis. — This  can  never  be  difficult  if  the  ear  be  careful h^ 
examined  with  a  speculum.  Dark-brown  masses  of  epithelium, 
dust  of  various  kinds,  and  especially  coal-dust,  may  line  the 
meatus,  and  somewhat  resemble  a  funo-us-oTowth.  In  one  case, 
tiny  fragments  of  leather  derived  from  a  syringe  were  mistaken 
for  parasites,  but  in  all  such  cases  the  microscope  will  detect  their 
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true  nature.  The  addition  of  a  little  liquor  potass^  with  glycerine 
clears  up  epithelial  fragments,  and  brings  the  fungi  more  clearly 
into  view. 

Prognosis. — The  prognosis  is  always  favourable,  inasmuch  as 
the  parasites  are  easily  destroyed  by  remedies.  A  tendency  to 
relapse  is,  however,  noticeable,  especially  in  persons  living  in 
•damp  localities.  Perforation  of  the  memlorana  tympani  may  also 
occur,  and  the  parasites  may  enter  the  tj'mpanic  cavity  and 
multiply  there.  Under  such  circumstances,  the  complaint  may 
prove  very  obstinate,  on  account  of  the  difficulty  of  applying 
remedies  to  the  various  portions  of  the  tympanum. 

Treatment. — This  is  of  a  satisfactory  character,  and  the  remedy 
mainly  to  be  relied  upon  is  strong  alcohol.  The  parasitic  masses 
should  be  removed  as  far  as  possible  by  syringing  the  ear,  or  with 
the  forceps,  while  the  ear  is  well  illuminated,  and  the  meatus 
should  then  be  filled  with  ^^•arm  alcohol,  ^^•hich  should  be  allowed 
to  remain  foi*  about  a  quarter  of  an  hour.  This  treatment  should 
be  repeated  two  or  three  times  a  day  until  the  parasite  is  quite 
got  rid  of,  and  to  prevent  recurrences  the  alcohol  should  be  used 
"weekly  for  several  months.  If  it  cause  pain  it  should  l)e  dilute  d 
M'ith  a  little  water.  In  very  obstinate  cases,  Politzer  recommends 
a  solution  of  perchloride  of  mercur}^  in  alcohol  (1  to  500).  This 
treatment  very  rarely  fails,  but  should  it  do  so,  other  remedies 
may  be  tried.  Thus,  calomel  (;r  boric  acid  finely  powdered  may 
be  used  with  an  insufflator ;  or  a  strong  solution  of  the  perman- 
ganate of  potassium  may  be  poured  into  the  ear.  A  ten  per  cent, 
solution  of  nitrate  of  silver  similarly  used  has  proved  efficacious. 
Siebenmann  recommends  an  alcoholic  solution  of  salicylic  acid 
(4  per  cent.). 

Prophylaxis. — The  same  authority  states  that  b}'  way  of  pro- 
phylaxis the  following  rules  should  be  observed : — 

All  unnecessary  applications  of  fats  to  the  ear,  as  well  as 
aqueous  instillations  or  injections,  should  be  avoided. 

Loss  of  ejudermis  and  cerumen  should  be  prevented  as  far  as 
possible. 

All  secretory  processes  of  the  external  and  middle  ear  should 
be  carefully  treated,  dry  remedies  beinp-  the  most  suitable. 

Alcohol  kills  the  fungi  and  lessens  secretion. 

All  instruments  used  in  removing  fungus-membranes  should 
be  very  carefully  disinfected. 
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SYPHILITIC   AFFECTIONS   OF  THE   EXTERNAL   EAR. 

Primary  Syphilitic  Sores  of  the  auricle  and  meatus  are  of 
\  ery  rare  occurrence,  and  only  a  few  cases  have  been  recorded. 
Professor  Lang,*  of  Innsbruck,  mentions  two  instances ;  in  one  of 
these  there  were  two  sores,  one  on  the  cheek  and  the  other  on  the 
lobule.  The  patient,  a  man  aged  fifty-six,  had  been  infected  by 
using  a  towel  belonging  to  a  son  who  was  suffering  from  the 
disease.  In  another  case.f  the  sore  was  situated  on  the  tragus 
and  the  anterior  wall  of  the  meatus,  and  the  infection  had  been 
communicated  from  the  lips  of  a  prostitute.  Politzer  cites  two 
cases,  mentioned  by  other  writers. 

In  the  cases  above  mentioned,  the  sores  presented  the  usual 
appearances ;  the  parts  behind  the  ear,  the  side  of  the  neck,  the 
parotid,  and  the  submaxillary  regions  were  all  more  or  less 
swollen. 

Secondary  Syphilitic  Manifestations  are  not  infre- 
quently seen  on  the  auricle  and  external  meatus  ;  they  take  the 
form  of  maculos.  papules,  condylomata,  pustules,  or  their  con- 
sequences, such  as  desquamation,  ulcers,  and  cicatrices.  Similar 
eruptions  are  always  present  at  the  same  time  on  different  parts 
of  the  body,  and  especially  on  the  forehead  and  face.  Gummatous 
growths  are  rare  in  the  auricle,  but  they  have  been  known  to 
spread  over  the  entire  part,  and  to  cause  extensive  ulceration  and 
destruction    of  tissue. J     The    meatus    is    the    occasional    seat    of 

■'    Vorhsungeji  Hher  Pathologie  lonl  Theraj)\c  der  SyjiMlis,  S.  430. 
+  This  case  is  recorded  bv  Dr.  Zucker.  of  Berlin.  Archh'es  of  Otolorpj,  vol.  xiii. 
]•. -245. 

:;:  See  a  case  repor::cd  by  Mr.  Field,  Brit.  Med.  Journ..  October  6,  1877. 
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condylomata  and  ulcers,  the  former  being  usually  associated  with 
similar  manifestations  in  other  parts.  Confluent  condylomata 
have  been  noticed  on  both  sides.  These  growths  occur  in  an 
early  stage  of  the  disorder,  and  most  frequently  appear  at  the 
bottom  of  the  meatus.  The  majority  of  cases  occur  in  women 
already  the  subjects  of  otorrhoea.  Red  or  brownish  patches  are 
first  seen,  becoming  gradually  raised  by  infiltration  and  develop- 
ing: into  condvlomata  with  a  more  or  less  uneven  surface.  These 
growths  may  completely  occlude  the  meatus,  and  be  mistaken  for 
polypi.  Superficial  disintegration  results  in  the  formation  of 
ulcers,  which  after  a  time  cicatrise,  sometimes  causing  contractions 
in  the  meatus.  The  glands  in  the  neighbourhood  of  the  ear  are 
more  or  less  swollen.  In  a  case  recorded  by  Dr.  Wlirdemann.*  of 
Milwaukee,  fifteen  years  were  said  to  have  elapsed  bet^^'een  the 
primar}^  disease  and  the  appearance  of  condylomata  in  the  meatus. 

At  first  the  condylomata  may  give  rise  to  no  marked  sub- 
jective symptoms  ;  but,  during  the  stage  of  ulceration,  there  is 
generally  more  or  less  violent  pain  in  the  ear,  increased  by  move- 
ments of  the  low^er  jaw.  Tinnitus  aurium  and  deafness  are 
generally  present,  being  due  either  to  obstruction  in  the  meatus 
or  to  extension  of  the  disease  to  the  tympanum  ;  perforation  of 
the  membrane  has  been  occasionally  noticed.  Professor  Lang- 
describes  a  case  of  papulous  infiltration  of  the  membrane,  in  a 
woman  aged  twenty,  recently  affected.  A  papular  growth  as 
large  as  a  hempseed  was  found  to  occupy  a  portion  of  the  mem- 
brane, corresponding  with  the  short  process  of  the  malleus ;  the 
anterior  superior  quadrant  was  of  a  deep-red  colour;  the  re- 
mainder of  the  membrane  was  uniformly  dull.  On  the  left  side 
the  membrane  was  also  cloudy  and  marked  b}^  vascular  injection 
behind  the  short  process.  Hearing  was  much  impaired  on  the 
right  side,  but  all  the  symptoms  improved  under  treatment. 

The  Diagnosis  of  condylomata  of  the  auricle  and  meatus  is 
for  the  most  part  easily  made,  inasmuch  as  other  signs  of  the 
disease  are  sure  to  be  present  in  various  parts  of  the  body. 
The  genitals,  groins,  throat,  and  neck,  should,  of  course,  be 
carefully  examined.  The  Prognosis  is  favourable  if  proper 
treatment  be  employed. 

Gummatous  Growths   very  rarely  affect  the  external  ear ; 
when   present  they   may   take   the  form    of  diff'use  infiltration  or 
*  Archives  of  Otoloffi/,  vol.  xxi.  p.  303. 


198  DISEASES  OF  THE  EXTERNAL  EAR. 

of  tubercles,  about  the  size  of  a  pea  or  larger.  This  form  ot 
disease  of  the  auricle  is  one  of  the  later  manifestations  of 
syphilis.  In  a  case  described  b}'  Dr.  Burnett,*  the  growth 
appeared  as  a  circumscribed  infiltrated  lump  on  the  posterior 
surface  of  the  auricle,  and  gradually  increased  until,  in  a 
month  or  six  weeks,  it  had  diffused  itself  throughout  the 
greater  part  of  the  auricle,  and  somewhat  over  the  mastoid 
portion.  The  infiltration  gave  rise  to  thickening  and  consider- 
able deformit}',  and  after  several  ^^'eeks  softening  and  ulceration 
took  place.  The  destruction  of  tissue  proceeded  at  a  rate 
var3'ing  with  the  general  condition  of  the  patient ;  there  was 
no  pain,  but  a  ver}^  offensive  odour,  and  a  copious  yellow 
discharge.  A  few  similar  cases  have  been  recorded  by  Dr.  A. 
H.  Buck,  Politzer,  Hessler.f  and  others  ;  Mr.  Field's  case  has 
been   already  mentioned. 

The  Diagnosis  of  gummatous  ulceration  may  present  some 
difficulties,  unless  signs  of  syphilitic  disease  are  discovered  in 
other  parts,  such  as  the  throat,  skin,  or  bones.  It  is  dis- 
tinguishable from  epithelioma  b}'  the  fact  that  in  the  latter 
ulceration  is  early,  and  the  ulcer  presents  everted  edges,  and 
is  covered  with  a  thin  bloody  discharge.  Epithelioma  is, 
moreover,  attended  with  more  or  less  pain.  Ulceration  due 
to  lupus  may  be  mistaken  for  syphilitic  disease,  but  differs 
therefrom  in  several  important  respects.  In  the  early  stage 
of  lupus  small  patches  of  papules  or  tubercles  make  their 
appearance,  and  after  a  time  slo^^'l3'  break  down  and  ulcerate. 
There  is  little  discharge,  but  crusts  and  scales  form,  and  some 
amount   of  cicatrisation  takes   place. 

Treatment. — The  treatment  of  primary  syphilis  of  the  auricle 
is  the  same  as  that  of  chancres  elsewhere.  Mercury  must,  of 
course,  be  given  internall}',  and  black  wash  or  an  ointment 
composed  of  vaseline  and  Unguent.  Hj'drargyri,  equal  parts, 
should  be  applied  to  the  sore.  Condylomata  likewise  require 
the  internal  use  of  mercury'.  The  best  local  remedies  are 
calomel  and  oxide  of  zinc,  in  equal  parts,  applied  by  means  of 
a  brush.  Nitrate  of  silver  may  be  employed  to  reduce  the 
size  of  granulations ;  and  when  man}-  condylomata  exist,  a 
plug    of   lint,    smeared    over    with    mercurial    ointment,    should 

*  The  Ear  :  its  Anatomy,  Phi/siolor/jj,  and  Diseases,  p.  222. 
t  Arcli.f.  OhrenheWiunde,  vol.  xx.  p.  242. 
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be    kept   in    the    meatus.       Gummatous   ulceration    will    require 
iodide  of  potassium  to  be  given  internally. 

Bony  growths  of  the  meatus,  due  to  syphilis,  will  be  con- 
sidered in  a  subsequent  chapter.  The  author  is  strongly  of 
opinion  that  mercury  should  be  administered  in  all  cases  of 
syphilis,  irrespective  of  the  stage,  and  that  iodide  of  potassium 
should  be  given  in  addition,  as  long  as  the  so-called  secondary 
symptoms  are  present,  and  in  the  later  stages  of  the  disease.  In 
order  to  prove  efficacious,  the  internal  exhibition  of  mercury 
should  be  continued  from  eighteen  months  to  two  years.  The 
Pil.  Hydrargyri  and  the  Hj^drarg.  c.  Greta  are  the  best  prepara- 
tions, and  the  addition  of  iron  is  usually  beneficial.  The  following 
is  a  good  formula  : — 

Hydrarg.  c.  Greta,  gr.  i. 

Ferri  Redact.,  gr.  i. 

Glj'cerin.  Tragacanth.  q.s.  to  make  pil.  i., 

and  two  or  three  of  these  may  be  taken  daily  for  many  months 
without  producing  salivation  or  any  undesirable  result. 

Unless  there  is  serious  inflammatory  mischief  present  which 
renders  it  necessary  to  place  the  patient  as  quickly  as  possible 
under  the  full  action  of  mercury,  it  is  a  mistake  to  give  this  drug  in 
doses  which  produce  salivation.  The  best  results  are  obtained  by 
giving  small  doses  daily  for  a  long  period.  I  usually  let  the 
patient  take  tA\'o  or  three  of  the  Hydrarg.  c.  Greta  et  Ferri  Redact, 
pills  daily  for  six  or  eight  months ;  then  discontinue  them  for 
a  month,  and  subsequently  take  them  for  three  months  and  dis- 
continue them  for  one  month  alternately  during  another  year  or 
eighteen  months. 
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CHAPTEE    XVIII. 


NEW  FORMATIONS  OF  THE  AURICLE  AND  EXTERNAL 

MEATUS. 

Angioma — Fibroma  —  Cysts  — Sarcoma — Epithelioma — Lupus — Osteomata 
— Exostoses— Symptoms  and  Treatment — Case  of  Exostosis  Re- 
moved by  Drill  and  Screw. 

New  formations  of  various  kinds,  some  being  very  rare,  are  met 
with  in  the  external  ear.  They  may  be  developed  primarily  in 
this  part,  or  may  spread  thither  from  adjacent  structures.  Some 
kinds  of  growths  are  connected  with  the  auricle  and  others  ^^dth 
the  meatus,  while  in  a  third  class  both  portions  of  the  external 
ear  are  the  seat  of  disease. 

I.  The  Auricle. — The  principal  new  formations  occurring  in 
this  portion  of  the  ear  may  be  classified  under  the  headings  of 
Angioma.  Fibroma.  Cysts.  Sarcoma,  and  Epithelioma.  Ulcera- 
tion,  due   to   lupus,   will  also  require  notice. 

Angioma. —  Vascular  formations  of  this  class  are  not  un- 
common in  the  auricle.  Of  the  two  kinds,  simple  or  plexiform 
and  cavernous  angiomata,  the  former  can  scarcely  be  regarded  as 
tumours,  as  they  do  not  project  above  the  level  of  the  skin.  They 
appear  as  bright  red  or  livid  patches,  of  varying  size,  and  not 
marked  off  very  sharply  from  the  normal  tissue.  They  are 
usually  congenital,  and  may  either  remain  stationary  or  increase 
in  size ;  their  colour  is  due  to  enlarged  blood-vessels,  which  are 
seated  in  the  corium  or  subcutaneous  fat.  The  cavernous  angioma 
forms  a  bluish-red  tumour,  made  up  of  a  series  of  cavities  of 
various  shapes,  and  separated  from  each  other  by  incomplete 
fibrous  partitions.     These  tumours  are  sometimes  congenital,  but 
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they  may  be  developed  from  simple  aiigiomata  by  continued 
dilatation  of  the  enlarged  vessels.  The  helix  and  the  anterior 
surface  of  the  auricle  are  the  parts  most  commonly  affected ;  but 
when  the  meatus  is  the  place  of  origin,  the  growth  may  extend 
to  the  posterior  surface  of  the  auricle.  The  tumours  vary  in  size, 
the  largest  observed  being  perhaps  equal  to  a  walnut ;  the  surface 
is  more  or  less  irregular,  and  pulsation  is  occasionally  manifest. 
Several  tumours  of  this  kind  may  exist  in  the  same  patients 
Nothing  definite  can  be  stated  with  regard  to  their  cause ;  in  one 
instance,  the  tumour  appeared  after  the  auricle  had  been  frozen. 
The  rapidity  of  their  growth  varies,  and  when  they  are  slowh^ 
developed  they  cause  little,  if  any,  pain.  When,  however,  they 
grow  quickly,  and  attain  a  large  size,  the  pulsations  are  apt  to  be 
very  disagreeable  to  the  patients.  Reflex  cough  has  been  observed 
in  a  case  in  which  the  angioma  occupied  the  meatus,  and  deafness 
will  of  course  result  if  the  canal  be  occluded.  Tinnitus  may  also 
be  very  troublesome.  Haemorrhage  is.  however,  the  most  important 
symptom  connected  with  these  growths  ;  it  may  be  so  profuse  as 
to  require  ligature  of  the  carotid. 

The  Diagnosis  of  angioma  of  the  auricle  or  meatus  can  never 
be  difficult ;  othematoma  is  the  only  other  tumour  with  which  it 
is  likely  to  be  confounded.  The  history  of  the  case,  the  rapid 
development  of  the  growth,  and  the  uniform  smoothness  of  the 
surface,  will  serve  to  distinguish  tumours  due  to  haemorrhage. 

Treatment. — This  must  depend  upon  the  size  and  extent  of 
the  tumour.  AVhen  small,  vaccination  of  the  surface  and  brushino- 
it  over  with  nitric  acid  are  two  measures  that  have  been  proposed; 
the  resulting  cicatrices  cause  more  or  less  contraction.  Politzer 
recommends  that  several  aseptic  silk  threads,  saturated  with  per- 
chloride  of  iron,  should  be  passed  through  the  tumour,  with  the 
view  of  causing  coagulation  and  atrophy.  In  larger  growths  the 
same  results  may  be  attained  by  means  of  the  Paquelin  or  the 
galvano-cautery.  Electrolysis  may  also  be  employed  with  advan- 
tage ;  the  needle  connected  with  the  negative  pole  is  passed  into 
the  tumour,  and  causes  complete  coagulation  within  a  few  minutes. 
Injections  of  the  perchloride  of  iron  are  not  to  be  recommended, 
inasmuch  as  there  are  several  dano-ers  connected  with  them. 
Suppuration  may  take  place  in  the  tumour,  with  pya?mia  as  a 
result  :  and  if  this  danger  be  avoided,  extensive  sloughs  mav 
form,  the  separation   of  which  may  be  followed  by  uncontrollable 


202  DISEASES  OF  THE  EXTEKXAL  EAlf. 

bleeding.      If  all  other  means  fail,  removal   of  the  tumour,  witli 
more  or  less  of  the  auricle,  may  become  necessarj^. 

Fibroma. — Growths  of  this  character  most  often  occur  in 
the  lobule,  as  a  result  of  the  irritation  caused  bv  wearinp-  ear- 
rings,  or  by  piercing  the  ear  for  their  reception.  Instances  of 
this  kind  are  somewhat  common  among  negresses  in  various  parts 
of  the  world.  The  tumours  consist  of  spindle  cells  and  connective 
tissue,  and  are  to  be  considered  as  resulting  from  hypertrophy  of 
the  cicatrix.  They  are  more  or  less  rounded  in  form,  and  fre- 
quently project  on  each  side  of  the  lobule  ;  the  surface  is  either 
smooth  or  furrowed ;  thev  varv  in  size,  some  beino-  as  larg'e  as  a 
hen's  egg.  Tumours  of  the  same  nature  are  occasionally  seen  on 
other  portions  of  the  auricle. 

It  is  only  when  they  cause  deformity  that  these  growths 
require  surgical  treatment.  Small  tumours  may  be  removed  by 
means  of  a  V-shaped  incision,  the  edges  being  afterwards  care- 
fully brought  together  by  sutures.  If  the  tumour  be  pedun- 
culated, it  may  be  cut  off  with  scissors,  and  when  a  growth 
projects  from  each  side  of  the  lobule  it  is  well,  after  using  the 
scissors,  to  destroy  the  remains  of  the  pedicle  with  the  galvano- 
cauterv.  In  dealino-  with  a  laro-e  oTo^^'th,  careful  dissection  is 
necessary,  in  order  to  retain  as  much  of  the  integument  as 
possible. 

Cystic  Formations,  occurring  in  the  auricle,  are  in  most 
cases  the  result  of  glandular  dilatation  and  accumulation  of 
sebaceous  materials.  They  appear  as  roundish  soft  tumours  of 
variable  size.  In  one  case  recorded  by  Gruber,  the  tumour  was 
more  than  an  inch  in  diameter,  and  was  situated  on  the  posterior 
surface  of  the  auricle.  It  had  existed  for  five  years,  and  had 
remained  without  increase  for  two  years. 

Serous  cysts  occasionally  become  developed  in  the  auricle,  and 
more  or  less  closely  resemble  otha?matoma.  They  differ  there- 
from, however,  in  containing  a  clear  yellow  sero-mucous  fluid,  and 
in  not  producing  deformity  at  a  later  stage.  It  is  also  worthy  of  note- 
that  no  masses  of  detritus  and  no  shreds  of  fibrine  are  found  in  the 
fluid.  The  persons  affected  are  for  the  most  part  robust  and  healthy; 
only  one  case  occurring  in  a  female  has  as  j^et  been  reported. 
"With  regard  to  their  origin,  they  sometimes  appear  after  slight 
injuries  to  the  part  ;  in  such  cases  they  are  rapidly  developed,  but 
are  not  painful.     In  other  cases  the}'  are  developed  spontaneousl}',. 
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and  also  increase  sonle^^■llat  rapidly.*  These  cysts  sometimes 
become  inflamed,  with  suppuration  and  spontaneous  cure  as 
results.  Small  cysts  on  the  auricle  may  be  removed  by  suitable 
incisions  :  A\hen  laroe,  they  are  best  treated  by  making  a  free 
incision  into  the  tumour,  and  after  the  escape  of  the  fluid,  filling 
the  cavity  with  iodoformed  gauze. 

Sarcoma. — Tumours  of  this  character  are  rarely  seen  in  the- 
external  ear.  and  only  a  few  cases  have  been  placed  on  record. 
In  one  described  by  Hartmann.f  the  patient  was  a  boy.  aged 
three  and  a  half  years,  who  had  suffered  for  some  time  from  acute 
purulent  inflammation  of  the  tympanum.  The  tumour,  a  round- 
celled  sarcoma,  was  as  large  as  a  goose's  egg,  and  projected  from 
the  side  of  the  head.  Death  ensued  in  seven  months  with 
cerebral  symptoms. 

Fibro-sarcomata  and  spindle-celled  growths  have  also  been 
noticed  :  these  otow  slowly,  and  mav  exist  for  years  without 
giving  rise  to  any  marked  symptoms ;  but  the  small-celled  sarco- 
mata rapidly  increase  in  size,  and  are  very  painful,  as  they  are  apt 
to  involve  many  sensory  nerves,  and  to  set  up  inflammation  in 
neighbouring  tissues.  The  parotid  and  mastoid  regions  are- 
especially  liable  to  be  thus  implicated. 

The  symptoms  vary  according  to  the  variety  of  the  growth  ; 
the  sarcoma  may  appear  as  a  circumscribed,  reddish,  more  or  less 
firm  tumour,  covered  by  normal  cutis  ;  in  other  cases  the  surface 
is  eroded,  or  ulcerated  and  irregular,  and  covered  with  offensive 
muco-purulent  matter.  When  the  growth  is  of  the  round-celled 
variety,  its  increase  is  very  rapid :  masses  of  fungous  granulations- 
sprout  from  its  surface.  In  a  case  recorded  by  Dr.  Orne  Green.J 
a  spongy,  highly  vascular,  fleshy  mass  occupied  the  left  meatus, 
to  the  walls  of  ^^•hich  it  seemed  to  be  adherent.  The  tumour 
eventually  measured  eieht  inches  in  leno-th.  and  six  in  breadth. 
Evidences  of  glandular  irritation  and  of  inflammation  in  adjacent 
parts  may  be  present  or  absent ;  in  the  stage  of  ulceration 
haemorrhage  is  liable  to  be  profuse ;  metastatic  growths  are- 
sometimes  seen  in  other  organs.  Paralysis  of  the  facial  nerve  is- 
likely  to  occur  as  a  result  of  the  extension  of  the  growth. 

*  See  an  article  on  "  Cyst  Formations  in  the  Auricle,"  by  Dr.  Arthur  Hartmann, 
Archives  of  Otology,  vol.  xv.  p.  133  ;  and  another  paper  by  the  same  author,  vol.  xvii. 
p.  233.    A  case  is  also  recorded  by  Dr.  Seligmaun,  Archives  of  Otology,  vol.  xvi.  p.  41 . 

t  Zcitschrlftf  OhreiihlMc.,  Bd.  viii.  S.  213. 

X  Archives  of  Otology,  vol.  xiii.  p.  153. 
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The  Diagnosis  can  be  positively  determined  only  with  the  aid 
of  the  microscope,  a  fragment  of  the  tumour  having  been  removed 
for  examination.  A  round-celled  sarcoma  is  usually  white  on 
section,  and  a  milky  juice  exudes  from  the  cut  surface.  The 
.structure  consists  almost  entirely  of  round  cells  and  vessels,  the 
former  being  small  and  fragile,  and  inclosing  a  rounded  vesicular 
nucleus.  Fibro-sarcomata  contain  much  intercellular  substance, 
and  the  tumours  are  firm  and  coarse-grained. 

The  Prognosis  depends  upon  the  nature  of  the  growth  and 
the  rapidity  of  its  development.  The  small-celled  sarcomata 
increase  rapidly,  and  death  may  soon  result  from  extension  to 
the  brain. 

Treatment. — The  tumour  should  be  removed  as  soon  as 
possible.  Fibro-sarcomata  may  be  dealt  with  by  the  knife  or 
the  galvano-cautery  loop ;  and  round-celled  tumours  with  the 
wire  loop.  After  removal,  the  galvano-cautery  should  be  applied 
to  the  surface,  in  order  to  destroy,  as  far  as  possible,  all  remains 
of  the  growth.  Sometimes  partial  removal  is  all  that  can  be 
achieved,  and  such  an  operation  may  be  necessary  to  provide  for 
the  escape  of  purulent  matter  from  the  meatus. 

Epithelioma. — This  form  of  growth  may  have  its  starting- 
point  in  the  auricle  (usually  in  the  upper  half),  or  in  the  external 
meatus,  or  it  may  spread  to  these  parts  from  adjacent  structures. 
Only  a  few  cases  have  been  placed  on  record.*  In  the  auricle  the 
disease  commences  in  the  form  of  one  or  more  hard  nodules 
situated  in  the  skin  or  subcutaneous  connective  tissue.  At  first, 
and  for  some  time,  their  growth  is  a  slow  process,  but  afterwards 
it  becomes  more  rapid ;  the  surface  sooner  or  later  breaks  down, 
and  an  ulcer  results.  Both  surfaces  of  the  auricle  would  appear 
to  be  equally  liable  to  cancerous  growth.  Sometimes  warty 
growths  are  the  starting-point  of  epithelioma.  The  surface 
becomes  fissured  and  the  cracks  form  ulcers  with  indurated  edges 
and  roughened  surfaces.  As  the  growth  enlarges,  epithelial 
nests,  made  up  of  large  multiform  squamous  cells,  may  sometimes 
be  pressed  out  of  it.  Fresh  formation  of  new  tissue,  to  be 
followed  b}"  disintegration,  goes  on  at  the  margin  of  the  ulcer,  and 
thus  the  process  of  destruction  spreads,  until  not  only  the  entire 
auricle  and  meatus  may  be  involved,  but  the  mischief  may  extend 

*  See  Moos,  Archives  0/  Otologi/,  vol.  xiii.  p.  239;  Fougeray,  Anyial.  dcs  Mai.  de 
V Oreille,  April,  1890;  and  Spalding,  Archives  of  Otology,  vol.  xxi.  p.  299. 
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to  neighbouring  parts  and  to  the  bones  of  the  skull.  In  some 
cases  the  appearance  of  epithelioma  in  tlie  meatus  is  preceded  by 
some  other  affection  of  the  ear,  such  as  purulent  inflammation  ; 
but  in  others  the  disease  attacks  a  perfectly  healthy  canal. 
Epithelioma  of  the  meatus  may  also  begin  with  symptoms  of 
eczema,  or  as  a  small  crust  beneath  which  an  ulcer  is  developed. 
The  process  extends  and  invoh'es  the  tympanum  and  bones  of  the 
head. 

The  development  of  the  nodules  on  the  auricle  is  unattended 
with  pain,  and  some  months  may  elapse  before  any  glandular 
enlargement  appears.  When  disintegration  commences  the  pain 
becomes  a  prominent  symptom,  and  it  increases  with  the  progress 
of  the  disease.  As  the  deeper  parts  of  the  ear  are  gradually 
involved,  the  pain  becomes  excruciating.  In  addition  to  S}Tn- 
ptoms  of  irritation  of  the  auditory  nerve,  the  course  of  the  disease 
will  be  further  marked  by  profuse  haemorrhage,  great  swelling- 
and  induration  of  the  glands  of  the  neck,  and  facial  paralysis  ; 
the  fatal  issue  may  be  due  to  meningitis,  thrombosis  of  the  lateral 
sinus,  or  to  cerebral  abscess.  Septicaemia  is  another  cause  of 
death  in  these  cases. 

Treatment. — As  soon  as  the  malignancy  of  a  growth  confined 
to  the  auricle  has  been  determined,  removal  of  the  portion  should 
be  at  once  effected.  The  application  of  caustics  is  not  advisable  ;. 
extension  of  the  growth  is  the  ordinary  result  of  the  irritation. 
Removal  of  the  entire  auricle  may  be  necessary,  and  in  such  a 
case  the  meatus  must  be  carefully  kept  open  during  cicatrisation. 
An  artificial  ear  can  afterwards  be  adapted.  If  the  growth  be 
seen  in  an  early  stage  and  before  it  has  reached  any  great  size, 
it  may  he  possible  to  scrape  it  away  with  a  sharp  spoon  ;  but  care 
should  be  taken  to  remove  all  the  affected  tissue.  Dr.  Spalding' 
suggests  that,  after  the  growth  has  been  thus  removed,  the  result- 
ing cavity  should  be  covered  with  a  skin  graft  from  some  healthy 
portion  of  the  body.  As,  however,  it  is  impossible  to  be  certain 
that  all  affected  tissue  has  been  removed,  excision  of  the  PTowth, 
together  with  a  ^\'ide  margin  of  apparently  healthy  tissue,  is  the 
safer  mode  of  treatment.  In  circumscribed  epithelioma  of  the 
meatus,  an  attempt  may  be  made  to  destroy  the  growth  and  a 
portion  of  the  surrounding  structure,  by  means  of  the  galvano- 
cautery  :  but  it  is  better  not  to  interfere  unless  the  Avhole  of  the 
ulcer  is  within  reach.     When  this  condition  cannot  be  fulfilled. 
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the  case  must  be  treated  in  the  ordinary  manner.  Remedies  to 
relieve  the  pain,  and  local  deodorant  or  antiseptic  applications  are 
always  required. 

Lupus. — Lupous  ulceration  confined  to  the  auricle  and  meatus 
is  extremely  rare  ;  but  extension  of  the  process  from  adjacent 
parts  of  the  face  is  not  uncommon.  The  ulceration  of  the  auricle 
presents  the  usual  appearance ;  the  surface  of  the  soi-e  is  covered  at 
intervals  with  thick  crusts  of  pus  and  blood :  the  margin  is  livid 
and  swollen,  and  contains  small  nodules  of  u-ranulation-tissue. 
The  entire  auricle  may  be  destroyed,  and  the  ulceration  mav 
extend  along  the  meatus  to  the  membrana  tympani.  The  pain 
varies  in  degree  in  different  cases :  it  is  apt  to  be  very  severe 
when  the  deeper  portion  of  the  canal  is  involved.  There  is 
a  variety  of  the  disease  termed  maculosus,  and  characterised 
by  the  formation  of  brown  tubercles,  as  large  as  a  pin's  head  or  a 
lentil.  These  have  been  observed  on  the  lobule,  in  the  hollow  of 
the  concha,  and  on  the  posterior  surface  of  the  auricle.  They 
seldom  ulcerate,  but  shrivel  up.  and  cause  atrophy  and  puckering 
of  the  integument.  The  spots  are  covered  with  minute  scales, 
resembling  those  of  psoriasis,  but  less  abundant  than  in  that 
complaint.  Thei'e  is  yet  another  form,  termed  hqnis  hi/pertro- 
pliiciis.  which  is  sometimes  observed  as  a  consequence  of  lupous 
ulceration  (Politzer).  It  is  characterised  by  the  formation  of 
glandular  and  papillary  outgrowths  from  the  tissue  of  the  granu- 
lations in  the  floor  of  the  ulcer.  These  outgrowths  are  spongy  in 
texture  and  readily  bleed  ;  in  some  instances  they  are  said  to 
liave  become  hard  on  the  surface,  suppuration  continuing  at  the 
base.  The  destruction  of  the  integument  goes  on  in  the  usual 
way  :  the  development  of  lupous  nodules  in  the  corium  is  followed 
by  their  disintegration,  and  large  portions  of  the  auricle,  or  even 
the  whole  of  the  organ,  may  be  thus  destroyed. 

The  Treatment  of  lupus  of  the  auricle,  as  recommended  by 
Politzer.  is  as  follows : — In  the  non-ulcerated  form,  a  pointed 
piece  of  nitrate  of  silver  should  be  thrust  into  each  nodule,  so  as 
thoroughly  to  cauterise  the  interior,  and  this  treatment  is  to  be 
repeated  until  all  nodules  have  disappeared.  Helira  recommends 
that  the  affected  spots  should  be  brushed  over  with  a  thirty  per 
cent,  solution  of  caustic  potash,  so  as  to  remove  the  epidermis ; 
this  is  to  be  followed  by  the  application  of  a  twenty-five  per  cent, 
solution   of  nitrate   of   silver,   and   anv   excess   of  fluid  is   to  be 
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quickly  wiped  oif  with  moist  cotton-wool.  The  caustic  attacks 
and  destroys  the  infiltrations,  while  the  healthy  skin  is  left 
untouched.  The  application  is  rendered  comparatively  painless 
by  applying  a  five  per  cent,  solution  of  cocaine  before  using  the 
nitrate  of  silver. 

In  the  treatment  of  the  ulcerative  form  the  main  object  is  to 
check  the  spread  of  the  mischief,  and  this  may  sometimes  be 
effected  by  destroying  the  floor  and  edges  of  the  ulcer  by  caustic 
applications.  When  the  granulations  are  spongy  and  exuberant, 
the  object  will  be  more  speedily  attained  by  scraping  them  away 
with  a  small  sharp-edged  spoon ;  after  any  haemorrhage  has 
been  checked,  the  floor  of  the  ulcer  should  be  cauterised 
either  with  nitrate  of  silver  or  by  means  of  the  galvano- 
cautery.  Several  applications  may  be  required,  for  although 
separation  of  the  slough  ma}"  be  followed  by  a  healthy  granulating- 
surface  and  cicatrisation,  fresh  nodules  are  likely  to  form  in  the 
surrounding  parts.  In  the  author's  opinion  all  forms  of  lupus 
affecting  the  auricle  are  best  treated  b}'  scraping  the  diseased 
tissues  and  then  applying  the  electro-cautery  or  Paquelin's 
cauter}-  freely  to  the  edges  of  the  wound.  Considerable  deformity, 
due  to  cicatrisation,  often  remains  after  the  disease  has  been 
arrested  by  energetic  local  treatment ;  but  if  left  to  itself  the 
ulceration  invariably  extends  and  causes  frightful  destruction. 
For  lupus  maculosus,  painting  with  tincture  of  iodine,  diluted  with 
one-fourth  the  quantity  of  glycerine,  is  the  best  local  remedy. 

II.  The  External  Auditory  Meatus. — Most  of  the  new 
formations  just  described  as  affecting  the  auricle  likewise  occur 
in  the  meatus,  and  generally  as  the  result  of  extension  ;  but  there 
is  one  form  of  growth  which  necessarily  implicates  only  the 
meatus,  and  requires  to  be  described  at  some  length. 

Osteomata. — Osseous  growths  occur  in  several  forms  in  the 
external  meatus  (1)  as  a  diff*used  thickening  of  the  normal  osseous 
tissue,  or  hijperostosis ;  (2)  as  small  pointed  or  rounded  projections. 
which  are  due  to  inflammatory  processes,  and  may  be  termed  osieo- 
pliijtes;    and   (3)   as  circumscribed  rounded   tumours   or  exostoses. 

(1)  Hyperostosis  of  the  external  meatus  is  due  to  chronic 
periostitis,  and  consequent  increased  formation  of  osseous  tissue, 
and  is  generally  connected  with  chronic  purulent  or  other  disease 
of  the  middle  ear.  The  deposit  of  bone  is  of  uniform  thickness, 
and  involves  more  or  less  of  the  osseous  part  of  the  canal  :  it  may 
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be  confined  to  one  side.  The  surface  is  slightly  rough,  and  the 
inteaument  is  redder  than  natural  and  swollen.  As  a  result  of 
the  deposit,  the  meatus  is  more  or  less  contracted,  and  hearing 
may  be  impaired.  The  deafness,  however,  is  more  often  due  to 
the  morbid  changes  in  the  middle  ear,  or  to  accumulation  of 
secretion  behind  the  narrowed  portion.  Examination  with  the 
probe  will    detect  the   nature   and  length   of  the   stricture. 

(2)  Osteophytes  are  likewise  the  results  of  chronic  inflamma- 
tion, but  the  enlargement,  instead  of  being  diffused,  takes  the 
form  of  small  elevations,  extending  for  some  distance  over  the 
surface.  The  treatment  consists  in  cleansing  the  meatus  by 
syringing,  and  in  applying  proper  remedies  to  the  swollen  in- 
tegument (see  Treatment  of  External  Otitis,  page  185).  Soothing 
ointments  (e.f/..  Unguent.  Acid.  Boric.)  may  be  applied  to  the 
meatus,  while  tincture  of  iodine  is  painted  over  the  mastoid 
process.  When  success  has  been  attained,  any  disorder  of  the 
middle  ear  should  be  carefully  treated.  As  the  contraction  is 
apt  to  return,  it  may  be  necessary  to  repeat  the  local  treatment 
from  time  to  time. 

(3)  Exostoses  are  somewhat  common  in  the  external  meatus. 
These  are  little  masses  of  either  compact  or  spongy  osseous  tissue, 
and  more  or  less  globular  in  form  ;  they  are  most  prone  to  affect 
the  posterior  wall  of  the  canal.  With  regard  to  their  etiolog}^, 
some  authorities  believe  that  local  sources  of  irritation,  and 
especially  sea-bathing,  are  the  most  important  factors.  They 
are  sometimes  of  syphilitic  origin,  and  are  associated  with. 
similar  growths  from  other  bones.  They  also  occur  in  cases 
in  which  there  is  no  venereal  taint ;  sometimes  they  are  asso- 
ciated with  gout  and  rheumatism,  but  more  often  with  inflam- 
matorv  processes  in  the  meatus  or  tympanum.*  Flat  and 
mammillarv  exostoses,  of  moderate  size,  are  not  uncommon  in 
chronic  catarrhal  and  purulent  otitis.  Another  mode  of  origin 
is  from  cartilaginous  and  connective  tissue  growths,  such  as 
chondromata  and  polypi,  which  become  partially  ossified. 
Growths  thus  caused  are  for  the  most  part  single,  and  consist 
of  a  ver\-  hard  nucleus,  from  the  surface  of  ^^-hich  trabeculae  of 
bone  project  into  a  layer  of  fibrous  tissue,  the  whole  being- 
attached    to    the    outer   edge   of  the   osseous  meatus    by   a  bony 

*  See  notes  of  a  case  of  pedunculated  bony  growth  in  external  meatus,  the 
result  of  prolonged  suppuration,  Archives  of  Otology,  vol.  xii.  p.  59. 
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pedicle  (Pritcliard).  The  association  of  exostoses  with  oblitera- 
tion of  the  Eustachian  tube  has  been  noticed  in  some  cases,  the 
obstruction  in  the  latter  part  being  probably  due  to  osseous 
growths.  Toynbee  states  that  exostoses  in  the  meatus  are  some- 
times connected  with  similar  formations  in  the  deeper  structures 
of  the  ear.  Aural  gro\\'ths  are  much  more  common  in  males 
than  in  females. 

Two  bony  prominences  are  sometimes  seen  in  the  upper  wall 
of  the  meatus,  close  to  the  membrana  tympani,  one  being  in  front 
of  the  other,  and  both  ears  being  affected.  These  correspond  with 
the  line  of  union  between  the  annulus  tympanicus  and  the  tem- 
poral bone,  and  probably  depend  upon  the  occurrence  of  irritative 
processes  in  early  life. 

Symptoms.  —  The  development  of  exostoses  is  not  attended 
with  pain ;  only  after  some  time,  when  the  growth  impinges 
against  the  opposite  "wall  of  the  meatus,  is  any  inconvenience 
•experienced.  In  the  not  very  uncommon  case  of  multiple 
growths,  their  surfaces  may  soon  come  into  contact,  when  much 
pain  will  be  felt.  Impairment  of  hearing  will  also  depend  upon 
the  size  of  the  growth  and  the  extent  to  which  the  meatus  is 
■obstructed.  When  examined  with  a  probe,  the  growths  are  some- 
times found  to  be  very  tender.  In  a  case  recorded  by  Dr.  H. 
Knapp,*  fits  of  coughing  were  induced  by  touching  the  gTO\\'th 
with  a  probe.  Complete  obstruction  of  the  meatus  may  be  due 
to  accumulation  of  cerumen  between  the  growth  and  the  ^\-all  of 
the  canal,  and  under  such  circumstances  the  deafness  will  vary 
in  degree  from  time  to  time. 

On  examining  the  ear,  an  exostosis  appears  as  a  globular  oi- 
•elliptical  swelling  connected  AA'ith  the  ^Aall  of  the  meatus,  and 
either  sessile  or  somewhat  constricted  at  its  point  of  attachment. 
Unless  it  be  covered  with  granulations,  the  tumour  is  hard  and 
firm,  and  its  size  varies  from  that  of  a  hemp-seed  to  that  of  a 
small  nut.  It  may  extend  to  the  opposite  wall,  and  A\hen  two  or 
more  exostoses  are  present,  their  convex  surfaces  may  so  approxi- 
mate as  to  leave  only  a  small  chink.  Polypoid  excrescences 
not  infrequently  appear  on  the  surface.  The  growths  are  some- 
times found  in  both  ears,  exhibiting  a  remarkable  degree  of 
symmetry  in  their  form  and  position.  Their  structui-e  is  that  of 
perfect^  formed  bone-tissue.  They  increase  very  slowly  in  size, 
*  Archives  of  Otolof/;/.  vol.  xi.  p.  203. 
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and  luav  remain  for  years  without  undery'oino-  any  further  chanp-e 
in  dimensions.  In  a  few  cases,  the  growths  have  been  noticed  to 
decrease  in   size   and   finally  to   disappear. 

Exostoses  of  the  auditory  canal,  when  associated  with  chronic 
suppuration  of  the  middle  ear,  may  cause  retention  of  the  dis- 
cliarges  and  grave  consequences  within  the  cranium.  Their 
presence  is  always  a  serious  complication  of  chronic  suppu- 
rative otitis.  In  a  case  recorded  by  Dr.  Munson,*  of  Albany,  X.Y., 
chronic  otorrhoea  had  led  to  the  formation  of  an  exostosis,  which, 
with  polypoid  tissue,  almost  completely  occluded  the  canal.  The 
patient  refused  to  submit  to  any  operation,  although  there  were 
symptoms  indicative  of  cerebral  mischief;  delirium  supervened, 
followed  by  coma,  and  death  ensued  in  less  than  twenty-four 
hours.  Post-mortem  examination  revealed  an  abscess  as  large 
as   a   hen's   egg  in   the   middle   lobe   of  the   brain,    caries   of  the 

Fig.  ()8. 

Exostoses  ix  Kight  Mkatus  occurring  in  a  lady  now  tliirty-eight  years  of  age.  When  t he- 
patient  was  first  seen,  eight  years  ago,  the  four  growths  were  the  same  size  that  thej-  are  at 
tlie  present  time.    The  liearing  of  the  right  ear  was  then  normal,  and  it  still  remains  so. 

superior  wall  of  the  petrous  bone  immediately  above  the  semi- 
circular canals,  and  a  corresponding  perforation  in  the  meninges. 

Diagnosis. — The  history  of  the  case,  the  appearance  of  the 
growth,  and  an  examination  with  a  probe,  will  serve  to  dis- 
tinguish an  exostosis  from  other  tumours  of  the  meatus.  Its 
hardness,  slio-ht  tenderness,  and  the  absence  of  redness,  contrast 
with  the  symptoms  of  an  abscess  ;  moreover,  the  latter  is  further 
distino-nished  by  the  chano-es  it  under o-oes.  AVhen  the  meatus  is 
inflamed  and  swollen,  and  the  projecting  growth  is  covered  with 
secretions,  or  presents  granulations,  it  might  be  mistaken  for  a 
polj^us,  but  an  examination  with  the  probe  will  detect  the  hard- 
ness of  an  exostosis. 

Treatment. — Unless  the  meatus  be  considerably  obstructed,  an 
exostosis  need  not  be  interfered  with  :  but  care  should  l)e  taken 
to    prevent    accumulation    of    cerumen    and    epithelium    in    the 

*  Archives  of  Otology,  vol.  xi.  p.  29.  See  also  the  records  of  another  case  in 
which  the  cerebral  symptoms  were  completely  relieved  by  removal  of  the  exostosis. 
Ibid.,  vol.  xix.  p.  144. 
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deeper  portion  of  the  canal.     If  the  meatus  be  much  diminished 
in  calibre,  or  completely  obstructed,  and  especially  if  there  be  an 
accumulation  of  pus  behind  the  gro's^'th,  as  would  occur  in  suppu- 
rative otitis  media,  measures  must  be  adopted  for  the  removal  of 
the  latter.    The  local  application  of  remedies  to  produce  absorption, 
and  the  introduction  of  tents  with  the  same  view,  are  very  rarely 
successful,  their  effects,  if  any,  being  mostly  confined  to  the  soft 
parts.    All  operative  measures  for  the  removal  of  exostoses  require 
the  greatest  care,  and  should  be  undertaken  only  by  those  who 
are  accustomed   to    deal  with    diseases  of  the  ear.      For  sessile 
exostoses,  Dr.  ^lathewson.  of  New  York,  was  the  first  to  suggest 
the   use   of   the   American   dental   drill,  and  the   plan   has   been 
adopted  by   Mi*.   Field,*   and  others.      The  operation   should  be 
})erformed  as  follows : — The  patient  is  placed  on  a  high  couch 
(about  forty-two  inches  from  the*  ground),  with  pillows  under  his 
head,  so  arranged  that  a  strong  light  may  be  reflected  into,  or  fall 
upon,  the  ear  to  be  operated  upon.     An  anaesthetic  having  been 
administered,  an  assistant  holds  round  the  exostosis  or  against  the 
Axalls  of  the  meatus,  according  to  the  position  of  the  outgrowth,  a 
copper  or  steel  guard,  to  prevent  injury  from  the  drill  slipping 
whilst  in  action.     Although  a  steel  guard  is  the  better  of  the  two. 
on  account  of  its  greater  hardness,  a  copper  one  is  often  the  more 
serviceable,  as  its  curve  can  be  readily  altered  to  enable  it  to  be 
placed  in  different  positions.     In  all  cases  the  guards  should  be 
previously  tried,  in  order  to  ensure  that  they  fit  well  against  the 
parts  which  they  are  intended  to  protect.     Three  or  four  assist- 
ants are  necessary,  one  to  give  the  anaesthetic,  a  second  to  work 
the  treadle  of  the  drill,  while  a  third  holds  the  guards  in  the  ear. 
It  is   necessary  also  to  sponge  or  syringe  away  the  blood  which 
Hows  into  the  meatus.     When  dealing  with  sessile  exostoses,  it  is 
well  to  begin  with  a  small  drill,  and  to  widen  the  opening  with  a 
lari)"er   instrument.      The     hole    should    be    commenced   midwav 
between   the  base   and  summit   of  the   growth,  and    in   the  early 
stages  of  the  operation  too  great  care  cannot  be  taken  to  prevent 
the  drill  slipping.     Firm  pressure  should  never  be  made  with  the 
drill,  for  if  it   slips  whilst  this  is  being  done,  serious  injury  ma}' 
be  caused  to  the  middle   and  internal   ear.      It  is  necessary  fre- 
quently to  take  out  the  instrument  in  order  to  remove   the  blood, 
so  that  a  view  can  be  obtained  of  the  tumour.     As  the  operation 
*  Diseases  of  the  Ear,  8rd  Edit.  p.  75. 
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should  never  be  hurried,  from  one  to  two  hours  may  be  required 
to  drill  through  the  growth  ;  and  if,  after  this  has  been  done,  it 
is  considered  undesirable  to  prolong  the  operation,  the  remainder 
of  the  exostosis  may  be  removed  on  another  occasion.  After 
a,  few  days  the  opening  may  be  enlarged  with  other  drills  until 
the  growth  has  been  removed.  This  treatment  is  applicable 
to  very  hard  exostoses,  and  for  cases  in  which  the  tumour  is 
composed  of  soft  bone  ;  but  when  dealing  with  the  latter,  an 
attempt  may  be  made  to  break  away  the  growth  with  a  pair  of 
suitable  forceps,  after  a  hole  has  been  drilled  into  it.  For  mul- 
tiple growths  operations  of  this  kind  are,  as  a  rule,  unnecessary, 
inasmuch  as  a  triangular  channel  is  usually  found  which  may  be 
kept  open  by  the  use  of  graduated  styles. 

For  the  removal  of  aural  exostoses.  Dr.  Urban  Pritchard* 
suggests  the  use  of  a  minute  trephine,  instead  of  a  solid  burr. 
The  instrument  is  applied  as  near  the  base  of  the  growth  as  will 
permit  its  circumference  to  rotate  freely  above  the  apex,  the 
object  being  to  cut  off  a  portion,  rather  than  to  make  a  hole  in 
the  swelling.  Dr.  Pritchard  claims  that  the  trephine  causes  less 
•debris  and  haemorrhage,  and  removes  a  far  larger  portion  of  bone 
than  when  a  hole  is  drilled. 

For  the  removal  of  a  pedunculated  exostosis  I  consider  the  safest 
method  is  to  drill  a  hole  into  it,  by  means  of  a  dental  engine,  and 
then  insert  the  tapering  screw  (Fig.  73)  until  a  firm  hold  has  been 
obtained.  Gentle  traction  should  then  be  made,  and  the  growth 
broken  off  at  its  pedicle  and  removed  from  the  meatus  attached 
to  the  screw.  If  traction  alone  fails  to  break  the  pedicle,  the 
direction  of  the  force  should  be  varied.  Before  beginning  the 
operation  several  drills  of  different  sizes  should  be  provided,  and  a 
tapering  screw  made  for  each,  with  its  end  slightly  smaller,  and 
its  broadest  part  larger,  than  the  hole  made  by  the  drill.  Care 
should  be  taken  not  to  insert  the  screw  too  far  into  the  growth, 
in  case  it  should  split  it,  and  thus  prevent  a  firm  hold  being- 
obtained. 

As  I  am  unaware  that  a  pedunculated  exostosis  has  been 
removed  previously  by  this  method,  I  mention  the  following  case, 
and  insert  woodcuts  of  the  instruments  used  : — 

M.  C,  a  Dutch  Jewess,  aged  twenty-two.  was  admitted  into 
the  London  Hospital  in  November,  1892.  There  was  a  purulent 
*  Archives  of  Otology,  vol.  xx.  p.  45. 
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discharge  i'loin  her  left  ear,  which  had  been  present  for  some 
time,  but  she  came  on  account  of  a  pain  in  the  right  ear,  which 
had  existed  for  about  six  months,  and  was  of  daily  and  frequent 
occurrence. 


Fig.  69. 

The  Exostosis  bkfore  Removal. 


Fig.  70. 

SkLK-KkTAINIXG    GL-AKI) 


There  was  no  discharge  from  the  right  meatus,  but  the 
hearing  on  this  side  was  considerably  impaired,  and  had  been 
defective  since  the  commencement  of  the  pain.     On  making  an 
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Fig.  71. 

COPPKR   GUAKP. 

examination  a  hard,  smooth,  whitish  mass, 
with  a  rounded  outline  and  tender  to  the 
touch,  was  seen  filling  the  meatus,  its  outer- 
most part  being  about  an  eighth  of  an  inch 
from  the  entrance. 

A  very  fine  probe  could  with  difficulty 
be  passed  between  the  exostosis  and  the 
^^■alls  of  the  canal  for  about  a  quarter  of  an 
inch,  but  no  attachment  could  be  felt. 

The  patient  having  been  anaesthetised, 
the  meatus  was  well  illuminated  by  a  strong 
J-  iilil  light   reflected   from   a   frontal   mirror,  the 

1  iilll  lateral  walls  protected  by  the  self-retaining 

guard  (Fig.  70),  and  its  roof  and  floor  by 
two  copper  guards  (Fig.  71).  held  by  an 
assistant.  A  hole  was  then  carefully  bored 
into  the  exostosis  with  the  drill  (a.  Fig.  72) 
attached  to  a  dental  engine,  and  when  this 
had  been  made  of  a  sufficient  depth  to  enable 
a  firm  hold  to  be  obtained,  the  screw  (h,  Fig. 
73)  was  inserted.  On  traction  being  made, 
the  pedicle  was  felt  to  break,  and  the  exos- 
tosis firmly  fixed  to  the  screw  was  withdra^^•n 
from  the  meatus. 

Examination  of  the  growth  (Fig.  74, 
natural  size)  showed  that  it  had  been 
attached  at  (a)  to  the  junction  of  the 
upper  and  anterior  wall.  Hearing  was 
restored  on  removal  of  the  growth,  and  stated  to  be  as  good  as 
it  was  before  the  onset  of  the  pain. 


a 

Fig.  72. 
The  Drill. 


Fig. 


73. 
The  Screw 
Extractor. 
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The  use  of  a  small  mallet  and  chisel  has  been  recommended 
for  detaching  a  pedunculated  exostosis ;  but  this  method  of  treat- 
ment presents  obvious  disadvantages.  When  the  tumour  is 
large,  on  account  of  its  close  proximity  to  the  walls  of  the  meatus, 


Fig.  74. 

TliK   EXO.'^TOSIS   AKTKR  KkMOVAL. 

it  is  often  extremely  difficult,  and  sometimes  impossible,  to  dis- 
cover the  position  of  the  pedicle,  and  in  the  latter  case,  if  it  is  to 
be  broken,  the  whole  growth  must  be  forced  inwards,  a  procedure 
which  cannot  be  recommended,  as  the  size  of  the  growth,  and 
consequently  its  position  as  regards  the  tympanum,  are  unknown. 
When  the  chisel  can  be  directly  applied  to  the  pedicle,  it  is 
evident  that  a  blo\\'  sufficient  to  break  it  is  liable  to  drive  the 
chisel  against  deeper  structures  immediately  the  resistance  ceases 
which  has  been  offered  by  the  growth,  and  if  the  exostosis  is  large 
and  situated  deep  in  the  meatus,  there  may  be  considerable 
difficulty  in  removing  it  after  it  has  been  detached.  In  most 
cases  \\'here  the  mallet  and  chisel  have  been  used,  the  auricle  and 
cartilaginous  portion  of  the  meatus  have  previously  been  dissected 
off  and  held  aside. 

The  removal  of  a  pedunculated  exostosis  by  an  electric  snare  is 
another  method  of  treatment  which  has  been  recommended.  In 
many  of  the  cases  it  seems  probable  that  traction  did  more  to 
sever  the  pedicle  than  the  heat  of  the  wire,  the  latter  serving 
principally  to  destroy  the  tissues  in  contact  with  the  growth,  and 
thus  allow  the  loop  to  be  passed  over  it. 
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FOREIGX   BODIES   IX   THE   EAR. 

Classification  of  Foreign  Bodies  :  Vegetable,  Animal,  Mineral — Symptoms 
caused  by  Insects  in  Meatus— Treatment — Symptoms  caused  by 
Non-living  Bodies — Reflex  Symptoms — Symptoms  often  Aggravated 
by  Attempts  ai  Removal  —  Diagnosis  —  Pi'ognosis  —  Treatment^ 
Various  Methods  and  Precautions — Substances  Liable  to  be  Swollen 
by  Moisture — Various  Instruments  for  Extracting  Foreign  Bodies 
from  Meatus — Course  to  be  Pursued  when  Extraction  Impossible — 
Partial  Separation  of  Auricle. 

A  co>'Sii)ERABLE  number  of  substances,  of  Yery  different  kinds, 
find  their  way  into  the  external  auditory  meatus,  where  they  are 
apt  to  give  rise  to  symptoms  and  disturbances  varying  both  in 
kind  and  deo-ree.  On  the  other  hand,  thev  sometimes  remain, 
even  for  years,  without  causing  obvious  inconvenience.  To 
enumerate  the  articles  that  have  been  found  in  the  external 
meatus  would  be  a  work  of  some  lengih ;  they  may  be  con- 
veniently divided  into  several  '  categories  according  to  their 
nature. 

(1)  Vegetable   Substances. — A  large  number  (about  75 

per  cent,  of  all  cases)  are  derived  from  the  veijetahle  kingdom. 
It  is  sufficient  to  mention  seeds  of  various  kinds — peas,  beans, 
cherry-stones,  grains  of  wheat  and  barley — fragments  of  straw, 
pieces  of  wood,  pencils,  cork,  plugs  of  cotton,  pieces  of  india- 
rubber,  etc.  These,  again.  maA'  be  divided  into  two  classes, 
accordino-  to  their  liability-  to  swell,  or  the  contrarv.     It  is  obvious 

O  t  t, 

that  this  distinction  is  a  very  important  one,  especially  as  regards 
treatment. 

(-)  Animal    Substances. — Articles    of    animal   origin    are 
found  in  about  15  per  cent,  of  all  cases  ;  the  list  includes  various 
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insects,  as  tlies,  cockroaches,  fleas,  bugs,  caterpillars,  etc. ;  bacon- 
rind,  ivory,  bone,  teeth,  and  wax. 

(3)  Mineral  Substances.  —  Among  articles  of  mineral 
origin  (10  per  cent,  of  all  cases)  come  buttons,  shot,  beads,, 
pebbles,  rings,  pieces  of  chalk,  slate-pencil,  glass,  pin-heads,  etc. 

Children  constitute  the  majority  of  patients,  and  in  most 
cases  the  articles  are  introduced  intentionalh',  either  by  the 
child  itself  or  b}'  a  companion.  Insects  occasionally  wander 
into  the  ears  both  of  children  and  adults ;  but  other  foreign 
bodies  are  much  more  frequently  met  with.  In  the  case  of 
persons  suffering  from  discharges  from  the  meatus,  flies  are  apt 
to  be  attracted  to  the  part  and  to  deposit  their  eggs.  In  the- 
absence  of  any  local  disease,  however,  a  fly  has  been  kno^^■n  to 
crawl  into  the  meatus  and  deposit  its  eggs.  In  one  case,*  fifteen 
larvae  had  been  present,  of  a  yellowish-white  colour  and  filled 
^^dth  blood,  which  showed  through  their  bodies.  The  larvas  of 
the  muscida  sarcophaga  soon  become  vigorous,  and  as  their 
mandibles  are  furnished  with  strong  hooks,  the}^  attach  themselves, 
ver}'  closely  to  the  walls  of  the  meatus,  and  are  dislodged  with 
difficulty.  As  many  as  200  larvae  have  been  counted  in  one  ear. 
The  Symptoms  caused  by  insects  in  the  meatus  vary  according 
to  the  amount  of  irritation  ^^'hich  they  set  up  in  the  canal  and 
membrane.  There  may  be  only  the  sensation  of  something 
moving  in  the  ear.  Fleas,  by  jumping  against  the  membrane^ 
will  cause  loud  and  strange  noises  to  be  heard.  Considerable 
irritation  is  caused  by  bugs,  A\'hich  are  apt  to  attach  themselves, 
to  the  walls  of  the  canal.  Such  insects  as  are  provided  with 
hooks  will  produce  much  irritation  and  severe  pain.  The  earwig 
has  been  so  named  on  account  of  its  supposed  propensity  to  crawl 
into  the  ears,  but  its  reputation  in  this  respect  is  undeserved. 
WL  Though  common  in  many  parts  of  the  country,  and  its  numbers. 
B  sometimes  constituting  a  serious  nuisance,  it  is  not  prone  to  crawl 
K     over  the  person,  though  it  has  a  habit  of  creeping  into  tubes. 

■  Professor  Hedinger,t  of  Stuttgart,  reports  one  case  in  which 
B     an  earwig  was  found  in  the  ear,  its  head  imbedded  in  cerumen, 

■  and  states  that,  so  far  as  he  knew,  oiil}'  one  other  case  is  men- 

■  tioned  in  literature. 

■.  Other    symptoms,  besides    pain    and   noises   in   the    ears,  are 


*  Archives  of  Otology,  vol.  xx.  p.  11, 
t  IHd.,  vol.  XV.  p.  242. 
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sometimes  cmised  b}"  the  presence  of  insects  in  the  meatus.  In 
rare  cases  headache,  giddiness,  vomiting,  epileptiform  attacks, 
and  partial  paralj^sis  have  been  witnessed,  their  origin  being 
demonstrated  by  the  fact  that  they  ceased  after  the  insects  were 
removed.  On  the  other  hand,  the  irritation  may  be  so  slight  as  to 
cause  little,  if  any,  annoyance.  When  pain  is  complained  of  in 
such  cases,  the  cause  is  generally  discoverable  without  much 
•difficulty.  Sometimes,  as  in  the  case  of  fleas,  the  movement?  of 
the  insect  may  be  detected.  Small  bugs  are  apt  to  adhere  closely 
to  the  walls  of  the  meatus,  or  to  the  membrana  tympani,  and 
may  be  difficult  of  discovery  when  partiall}'  covered  up  with 
secretion  and  epithelium.  The  larvae  of  flies  sometimes  crawl  out 
of  the  meatus,  and  are  seen  in  the  secretion  in  cases  of  otorrhoea. 
When  the  membrane  is  perforated  or  destroyed,  these  creatures 
readily  gain  access  to  the  tympanum.  They  may  be  detected  by 
their  movements,  and  the  dark  colour  of  the  posterior  extremity. 

The  Prognosis  in  all  these  cases  is  for  the  most  part  favourable, 
inasmuch  as  insects  can  readily  be  removed  from  the  ear.  If 
there  be  alread}"  suppurative  inflammation  of  the  tympanum,  the 
prognosis  must  depend  upon  its  severity  and  previous  course. 

The  Treatment  consists  in  destroying  or  removing  the  insect 
by  means  of  the  syringe  or  forceps.  Most  insects  are  speedily 
killed  b}^  pouring  water  into  the  ear  and  allo^^'ing  it  to  remain 
for  a  few  minutes ;  the}^  can  then  be  easily  removed  by  syi'inging. 
A  little  alcohol  is  still  more  efficacious,  and  oil  of  turpentine  is 
also  recommended  for  the  same  purpose.  When  the  creatures 
are  closely  adherent  to  the  walls  or  to  the  tympanum,  their 
removal  is  less  easy.  A  little  tobacco-smoke  or  vapour  of  chloro- 
form will  suffice  to  stupefy  or  kill  them,  and  they  will  then  fall 
off;  but  if  these  means  are  not  at  hand,  they  can  always  be 
detached  with  the  aid  of  fine  forceps. 

The  other  foreign  bodies  already  mentioned  are  far  more 
frequently  met  with  in  the  ear.  The  symptoms  they  cause 
■depend  upon  the  amount  of  force  A\ith  which  they  have  been 
introduced ;  and  secondly,  upon  the  phj'sical  and  chemical  pecu- 
liarities of  the  substances  themselves.  It  is  not  uncommon  to 
meet  with  cases  in  which  foreign  bodies  have  remained  for  long 
periods  in  the  ear  without  causing   any  appreciable   symptoms.* 

*  In  one  case,  two  apple  seeds  had  remained  in  the  ear  for  forty  years — Arclilves 
■of  Otology,  vol.  xviii.  p.  194 ;  see  also  vol.  xx.  pp.  218,  338. 
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Some  degree  of  deafness  and  feelings  of  pressure  or  tension  are. 
however,  generally  produced,  and  if  the  substance  is  pressed 
against  the  membrane,  there  will  be  noises  in  the  ears  of  various 
kinds.  A\'hen  the  foreign  body  is  hard  and  rough,  and  especially 
if  violent  but  fruitless  efforts  be  made  to  remove  it,  more  or  less 
severe  pain  will  be  almost  certainly  present.  In  the  majority  of 
cases,  the  foreign  bodies  are  found  in  the  osseous  portion  of  the 
meatus.  Occasionally  they  are  so  far  down  as  to  injure  the 
tympanic  membrane,  and  in  rare  cases  pass  through  it  into  the 
t^'uipanum. 

Various  reflex  symptoms  are  often  caused  by  the  presence 
of  foreign  bodies  in  the  ears ;  some  of  them  take  an  acute  and 
others  a  chronic  form,  and  those  belonging  to  the  first  of  these 
catea'ories  are  sometimes  intermittent  and  sometimes  continuous. 
Among  the  acute  reflex  symptoms  may  be  mentioned  laryngeal 
irritation  and  violent  cough,  nausea  and  vomiting;  and  in  one 
recorded  case.*  rigors,  followed  by  febrile  attacks,  were  due 
to  the  presence  of  a  foreign  body  in  the  ear.  Reflex  symptoms, 
chronic  in  their  duration,  have  been  noticed  in  the  form  of 
epileptiform  attacks,!  contractions  of  the  limbs,  paralysis,  dizzi- 
ness, disordered  equilibrium,  convulsions,  and  spasmodic  dys- 
phagia. Hyperassthesia  and  anaesthesia  are  of  less  common 
occurrence.  Salivation  has  been  known  to  occur  as  a  result  of 
retention  of  a  plug  of  cotton-wool  for  several  years ;  it  ceased 
after  removal  of  the  phig.  Disorder  of  the  cerebral  functions 
has  been  found  to  depend  upon  the  presence  of  a  foreign  bodk- 
in the  ear.  Thus,  in  the  case  of  a  schoolmaster,  both  of  whose 
ears  were  plugged  up  with  ceruminous  secretion,  there  were  such 
severe  attacks  of  mental  confusion,  that  he  was  often  compelled 
to  cut  short  the  lessons  he  was  giving.  The  symptom  dis- 
appeared after  removal  of  the  plugs.  The  absence  of  giddiness 
and  of  noises  in  the  ears  was  a  notable  feature  in  this  case. 
AVhatever  form  the  symptoms  may  take,  they  are  ^^•ont  to  subside 
after  the  foreign  body  has  been  removed. 

In  the  majority  of  patients  brought  to  the  surgeon  with 
foreign  bodies  in  the  ear,  the  symptoms  have  been  aggravated 
by  the  attempts  made  to  remove  the  off'ending  substances.  The 
latter  are  apt  to  be  pushed  inwards  against,  and  even  through,  the 

*  Berlin.  Klin.  Woch.,  April  10,  1876. 
t  Archives  of  Otolof/y,  vol.  xiii.  p.  208 
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iiieml)raiia  tympaiii ;  while  tlie  walls  of  the  meatus  are  often 
lacerated  by  the  instruments  employed.  Hence  swelling,  bleed- 
ing, and  inflammation  of  the  meatus  are  not  uncommon. 
If  several  hours  have  elapsed,  the  parts  may  be  so  swollen 
as  to  conceal  the  foreign  body  from  view.  If  the  substance 
has  been  introduced  into  an  ear  already  diseased,  as  in  a 
case  of  purulent  otitis,  the  symptoms  of  the  latter  will  likewise 
exist. 

The  Diagnosis  of  a  foreign  body  in  the  ear  is  sometimes  quite 
easily  made,  and  at  other  times  it  is  ver}'  difficult.  In  young* 
children  especially,  inflammatory  swelling  is  soon  set  up,  and  the 
meatus  becomes  occluded.  If  the  foreign  body  has  been  pushed 
through  the  membrane  into  the  tympanum,  it  may  elude  dis- 
covery for  a  considerable  time,  during  which  serious  mischief  may 
be  done.  In  some  cases  the  shape  of  the  canal  makes  detection 
difficult.     The  anterior  wall   sometimes  bulges  out  considerably, 

so  as  to  hide  from  view  anv  substance   Ivino-  ao-ainst  the  tvm- 

«-  «-      —     —  >- 

panum.  After  foreign  bodies  have  remained  for  some  time  m 
the  meatus,  they  generally  become  coated  with  a  layer  of 
cerumen. 

Prognosis. — In  cases  of  foreign  bodies  in  the  ear,  the  prognosis 
is  generally  favourable,  except  when  there  are  complications,  or 
when  the  body  is  situated  deeply  in  the  tympanum  and  has  set  up 
profuse  suppuration,  or  when  the  pus  is  prevented  from  escaping- 
and  head-symptoms  have  appeared.  Under  such  circumstances, 
the  prognosis  must  be  very  guarded.  The  seriousness  of  the  case 
may  be  due  to  the  rough  and  violent  attempts  at  removal  of  the 
substance,  quite  irrespective  of  its  nature,  and  cases  of  this  kind, 
in  which  fatal  meningitis  or  cerebritis  has  been  set  up,  are  by  no 
means  infrequent. 

In  not  a  few  cases,  foreign  bodies,  especialh'  smooth  ones, 
introduced  into  the  ear,  fall  out  without  causing  pain  or  other 
trouble  ;  and  in  a  somewhat  numerous  class,  the  substances 
remain  for  years  without  interfering  with  the  patient's  comfort.* 
In  1879  a  child  ^^'as  brought  to  me  on  account  of  earache  of 
one  or  two  days'  duration.  On  examination,  a  small  piece  of 
AN'hite  substance  was  seen  lying  against  the  membrana  tympani, 
and  on  removing  it  by  syringing  it  was  found  to  be  a  portion  of 

*  See  Hedinger's  table  in  Archives  of  Ofolo(j>j,  vol.  xv.  p.  1^28,  and  the  papers 
referred  to  on  page  218. 
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a  shell.  More  than  a  month  previonsly  the  child  had  been  at 
the  sea-side  and  played  at  being  partially  buried  in  the  sand. 
The  pain  did  not  return  after  the  piece  of  shell  was  removed. 
Rough  pointed  bodies  are  most  likely  to  cause  irritation  and 
inflammation.  In  a  few  instances  needles  have  been  known  to 
pass  through  the  tympanum  and  Eustachian  tube  into  the  throat, 
whence  tliev  were  dischars'ed  in  the  act  of  vomitino-.  In  still 
rarer  cases,  the  foreign  body  (e.[/.,  an  oat-husk)  has  entered  the 
pharynx  from  the  mouth,  and  passed  through  the  Eustachian  tube 
and  tympanum  into  the  external  auditory  canal.* 

Treatment. — The  first  step  is  to  ascertain  whether  a  foreign 
body  is  present,  for  it  is  not  uncommon  for  patients  to  assert  that 
such  is  the  case  when  subsecpient  examination  proves  that  they 
are  mistaken.  Serious  injury  has  been  inflicted  in  attempting 
to  remove  foreign  bodies  stated  by  patients  to  be  in  the  meatus, 
but  not  visible  on  inspection.  In  one  such  instance. f  fracture  of 
the  tympanic  plate  of  the  temporal  bone  ^vas  the  result  of 
attempting  to  remove  a  pin  supposed  to  have  passed  into  the 
meatus.  In  many  cases,  simple  examination  with  the  naked 
eye  is  sufficient ;  but  for  the  detection  of  small  bodies,  a  speculum 
will  generally  be  required.  Care  must  be  taken  not  to  push  the 
object  deeper  into  the  ear.  Substances  which  have  passed  into 
the  osseous  part  of  the  meatus  are  much  more  difficult  to  extract 
than  those  which  are  situated  in  the  cartilaginous  portion.  Too 
much  gentleness  cannot  be  exercised  in  carrying  out  any  opera- 
tive measure  that  may  be  required,  and  in  all  cases  it  is  essential 
that  the  meatus  should  be  thoroughly  illuminated. 

When  a  foreign  body  is  detected,  injections  of  warm  water 
should  be  em]:)loyed  to  remove  it.  As  a  strong  current  is 
generally  desirable,  a  powerful  syringe  (holding  three  to  four 
ounces)  should  be  used,  with  a  fine  nozzle,  so  that  the  stream 
can  be  watched  and  accurately  directed  between  the  substance 
and  the  wall  of  the  meatus.  AVhilst  this  is  being  done  the 
auricle  should  be  drawn  upwards  and  backwards  (in  children 
downwards  and  backwards).  For  heavy  articles,  ejj..  shot,  it  is 
recommended  that,  whilst  the  ear  is  being  syringed,  tlie  patient's 
head  should  l)e  placed  in  a  position  to  facilitate  the  foreign 
body    falling    out.       Injections    are    contra-indicated    when    the 

*  Berlin.  Klin.  Work.,  1878,  S.  728. 
t  Archives  of  Otology,  vol.  xiv.  p.  239. 
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foreign  body  is  cup-shaped  and  the  concavity  presents  itself,  and 
when  tliere  is  a  perforation  in  the  membrana  tympani,  they  may 
have  to  be  discontinued  on  account  of  the  coughings  produced  or 
the  loss  of  power  resulting  from  the  escape  of  the  fluid  into  the 
throat  through  the  Eustachian  tube,  or  its  presence  in  the 
tympanum  causing  giddiness. 

When  the  foreign  body  is  visible,  but  firmly  resists  all  efforts 
.'it  extraction  by  means  of  injections,  it  has  been  recommended  to 
adopt  the  following  method  : — The  point  of  a  camel-hair  brush  is 
dipped  in  a  strong  solution  of  glue  and  carefully  applied  to  the 
surface  of  the  object,  previously  dried.  A  solution  of  mastic  in 
spirit,  or  some  one  of  the  cements  used  for  mending  glass,  would 
probably  be  more  tenacious  than  glue.  The  brush  is  to  be  kept 
in  position  until  the  glue  or  cement  is  dry,  Avhen  the  foreign  body 
can  sometimes  be  drawn  out  \^'ith  it. 

In  cases  in  which,  owing  to  previous  attempts  at  extraction, 
the  meatus  is  swollen  and  inflamed,  it  will  be  best  to  adopt 
measures  to  relieve  this  condition  before  attempting  to  remove 
the  foreign  body,  and  except  in  the  case  of  a  substance  which 
will  absorb  moisture  there  is  a  decided  advantage  in  adopting 
this  course.  An  ice-bag  should  be  applied  to  the  ear.  and  a  little 
morphine  may  be  injected  hypodermically.  A  warm  ten  to 
twenty  per  cent,  solution  of  cocaine  dropped  into  the  ear  is  at 
times  desirable.  When  the  swelling  subsides,  the  foreign  body  is 
sometimes  found  to  be  comparatively  loose.  More  active  measures 
are  requisite  when  there  are  symptoms  of  irritation  of  the  brain, 
violent  pain  in  the  head,  rigors,  and  vomiting,  but  even  these,  as 
well  as  the  local  symptoms,  may  often  be  relieved  by  the  applica- 
tion of  cold. 

Substances  liable  to  swell  under  the  influence  of  moisture  are 
apt  to  prove  very  troublesome  ^^dlen  attempts  are  made  to  remove 
them,  and  those  which  possess  this  property  are,  unfortunately, 
often  introduced  into  the  meatus.  Peas  and  beans  are  the  foreign 
bodies  most  commonly  met  with,  and  when  p ashed  deepty  into 
the  meatus,  and  swollen  from  imbibition,  they  get  firmly  fixed 
and  are  very  difficult  to  extract.  Hedinger  recommends  that  oil 
or  glycerine  should  be  used  in  the  attempts  to  syringe  out  foreign 
bodies  of  this  class.  If  this  plan  fail,  it  will  be  necessary  to  use 
instruments  for  their  removal,  such  as  a  small  sharp-pointed  hook 
(Fig.   75).  or  a  stiff  needle  bent  at  a  right  angle  near  its  point ; 
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these  are  fitted  with  appropriate  handles.     AVhen  used,  the  hOok 

or  needle  is  to   be  passed   along   the  upper  wall  of  the  meatus^ 

between  it  and  the  Ibreio-n  body,  until 

the  apex  of  the  instrument  is  behind 

the  latter.       It   is  then   to   be   turned 

round    so    that    the   point    is    directed 

towards    the    surface    of    the    foreign 

body.    By  raising  the  handle  the  point 

is  depressed  and  enters  the  substance 

to  be  extracted  :  slight  traction  of  the 

handle  may  then  prove  sufficient.     If 

the  foreign  body  be  deeply  placed   in 

the  osseous  portion   of  the  meatus,  it 

is  better  to  pass  the  hook   along  the 

anterior   and    inferior  waW ;    for    if  it 

be    passed    along    the    upper    surface. 

there   is  risk  of  injuring  the   superior 

and  posterior  portion  of  the  membrana 

tympani.      Two    hooks,    one    on    each 

side  of  the  substance  to  be   removed. 

are    sometimes    required.      When   the 

handle  of  the  instrument  is  circular,  it 

is  well  to  have  a  mark  on  it  to  denote 

the  direction  of  the  hook. 

Instruments  with  a  screw  at  the 
extremity  are  seldom  of  much  use  in 
extracting  a  foreign  body  other  than 
wool.  They  are  liable  to  drive  the 
substance  deeper  into  the  ear,  and  the 
screw  is  apt  to  tear  its  way  out  when 
traction  is  made.  The  screw  (Fig.  76) 
is.  however,  very  useful  in  breaking 
Tip  peas,  beans,  and  similar  soft  sub- 
stances, and  enabling  them  to  be  sub- 
sequently removed  by  syringing  or  br- 
other instruments.  Forceps  are  not 
serviceable  for  extracting  round  hard 
bodies  which  are  firmly  fixed  in  the 
meatus.  If  injections  fail,  a  fenestrated  curette  may  be  tried  (see 
Fig.  27,  p.  75),  a  wire  loop,  or  a  1)lunt  hook,  or  sometimes  a  bent 
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probe  is  the  most  efficacious  instrument.  Dr.  Ward  Cousins  has 
devised  tlie  extractor  shown  at  Fig.  77.  It  consists  of  two  loops, 
which  can  l)e  approximated  by  slipping  forward  the  ring  in  the 
centre  of  the  handle.  This  instrument  would  be  useful  for  remov- 
ing beads,  buttons,  etc.  In  order  to  break  up  a  hard  body,  the  use 
of  the  galvano-cautery  has  been  suggested,  but  the  effect  of  heat 
upon  the  walls  of  the  meatus  is  likely  to  be  mischievous.  Politzer 
thinks  that  it  might  be  tried  for  such  an  object  as  an  impacted 
cherry-stone,  in  order  to  burn  a  hole  for  the  passage  of  an  extrac- 
tion-hook. Dr.  Guye.  of  Amsterdam,  has  invented  a  small  forceps* 
for  the  removal  of  cherry-stones  and  similar  bodies  from  the 
meatus.  In  the  case  of  a  large  bead  firmly  fixed  in  the  meatus, 
its  extraction  was  accomplished  by  means  of  a  laminaria  tent 
passed  through  the  aperture.  This  was  allowed  to  remain  for 
:some  hours,  and  when  removed,  it  brought  the  bead  with  it. 
AVhen  the  membrana  tympani   is  perforated,  and  also  when 


Fig.  77. 

Wakd  Colsi.vs'  Extractor. 

the  foreign  body  has  passed  into  the  tympanum,  and  other 
measures  have  failed,  its  removal  may  sometimes  be  eff*ected  by 
injecting  air  or  fluid  through  the  Eustachian  tube. 

Cases  in  which  foreign  bodies  are  present  in  the  external 
iiuditory  meatus  differ  exceedingly  in  many  particulars,  and 
necessitate  different  methods  of  treatment.  The  nature  and  shape 
■of  the  foreign  body,  its  size,  and  especially  its  position  in  the 
meatus,  are  the  points  of  most  importance.  Removal  is  generally 
-easy  if  the  body  be  placed  in  the  cartilaginous  portion  of  the 
■canal,  and  if  there  be  no  hemorrhage  or  swelling  caused  by 
attempts  at  extraction.  On  the  other  hand,  difficulties  will  often 
present  themselves,  when  the  foreign  bod}'  is  in  the  osseous 
section,  and  firmly  impacted. 

AVhen  extraction  is  impossible,  and  symptoms  of  cerebral 
irritation  are  developing,  it  is  advisable  to  make  an  incision 
behind    the    ear,    and    partially    separate    the    auricle    from    its 

*  Archires  of  Otohnjn,  vol.  xv.  p.  32. 
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posterior  attachment.  In  children,  the  superior  wall  of  the  meatus 
should  be  detached  from  its  insertion,  and  a  curved  hook  should 
be  passed  from  above  behind  the  foreign  bod}^  In  adults,  it  is 
best  to  detach  a  portion  of  the  posterior  and  inferior  wall,  and 
attempts  should  then  be  made  to  remove  the  foreign  body  with 
the  aid  of  hooks,  bent  at  various  angles,  or  suitable  forceps. 
After  removal,  the  parts  should  be  carefully  readjusted  and 
sutures  applied. 
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CHAPTEE   XX. 


AFFECTIONS  OF  THE  MEMBRAXA  TYMPAXI. 

Injuries  of  the  Tympanic  Membrane — Indirect  and  Direct  Causes — 
Symptoms — Subjective  Sensations — Alterations  in  Hearing-Power 
— Objective  Symptoms — Rupture  of  the  Membrane  from  Sudden 
Condensation  of  Air — Mechanical  Injuries — Rupture  of  the  Mem- 
brane by  Contre-Coup — Prognosis — Treatment — Inflammation  of 
the  Membrana  Tympani  or  Myringitis — Symptoms — Abscesses  in 
the  Membrane — Formation  of  Vesicles  —  Diagnosis — Prognosis — 
Treatment — Chronic  Inflammation  of  the  Membrana  Tympani— 
Causes — Symptoms — Course  and  Treatment. 

INJURIES. 

Injuries  of  the  Membrana  Tympani  constitute  about 

seven  per  1000  of  aural  affections  in  general,  and  are  therefore 
somewhat  rare.  The  membrane  is  to  a  great  extent  protected  by 
its  position  and  mode  of  attachment  to  the  surrounding  bone. 
It  may,  however,  be  torn  or  ruptured  as  the  result  either  of 
i/vdired  or  direct  injury.  Examples  of  the  former  kind  are  (a) 
cases  in  which  the  membrane  is  torn  as  the  result  of  concussion, 
due  to  blows  or  falls ;  and  (/>)  those  in  which  the  mischief  is  due 
to  the  effect  of  suddenly  condensed  air.  e.'j..  in  violent  explosions. 
Forcible  condensation  of  the  air  in  the  tympanic  cavity  has  been 
kno^^^l  to  cause  rupture  of  the  membrane.  Thus  the  accident  is 
occasionally  due  to  violent  coughing,  sneezing  and  blowing  of  the 
nose,  and  also  to  the  injection  of  air  by  Politzers  method  and  by 
the  catheter.  Such  a  result,  however,  could  scarcely  occur  in  the 
absence  of  pathological  changes  in  the  affected  membrane.  Direct 
injuHes  are  caused  by  foreign  bodies  coming  in  contact  with  the 
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membrane,  bv  cliemical  ao-ents.  and  bv  fractures  of  the  surronndinof 
bone.  Cases  due  to  unskilful  attempts  to  remove  foreign  bodies 
from  the  meatus  are  b}'  no  means  uncommon.  In  all  cases  of 
injury  from  violence,  pre-existing  morbid  conditions  of  the  mem- 
brane more  or  less  affect  the  result.  Perforation  is  not  infre- 
Cjuently  due  to  intra-tympanic  disease.  Thus,  exudations  within 
the  cavity  and  morbid  growths  extending  outwards  are  liable  to 
cause  absorption  of  portions  of  the  membrane.  Lastly,  it  must 
not  be  forgotten  that  the  membrane  is  occasionally  injured  by 
bougies,  passed  along  the  Eustachian  tube. 

Superficial  Injuries,  or  excoriations  involving  only  the  external 
layer,  are  often  caused  by  the  introduction  of  hard,  pointed  bodies 
for  the  purpose  of  cleansing  the  ear  or  relieving  irritation.  Owing 
to  the  oblique  position  of  the  membrane,  injuries  of  this  kind 
generally  affect  its  upper  half  and  the  superior  wall  of  the  meatus. 
The  symptoms  are  for  the  most  part  of  a  mild  character,  provided 
that  the  membrane  is  not  torn  through.  There  is  more  or  less 
pain,  and  perhaps  a  little  hemorrhage,  which,  however,  soon 
subside. 

When  the  membrane  is  completely  divided,  as.  for  example,  by 
falls  upon  pointed  objects,  the  symptoms  are  apt  to  be  severe ; 
they  depend  upon  the  nature  of  the  injury,  the  force  employed, 
and  the  previous  condition  of  the  part.  Laceration  of  a  healthy 
membrana  tympani  causes  sudden  and  very  severe  pain,  but  if 
there  has  been  any  previous  disease,  with  fatty  degeneration  as  a 
consequence,  laceration  may  be  easily  produced  and  cause  little 
pain  to  the  patient.  With  a  membrane  previously  normal,  the 
pain  may  be  so  severe  as  to  cause  faintness  and  even  attacks  of 
syncope,  and  in  hysterical  subjects  convulsions  are  liable  to  occur. 
In  most  cases,  giddiness  is  an  immediate  result  of  the  injury ;  it 
may  be  so  severe  that  the  patient  falls  down  or  staggers  like  a 
drunken  man.  Nausea  and  vomiting  may  be  superadded  :  but 
these  sj^mptoms  pass  off  unless  the  lal^vrinth  be  involved.  The  pain 
also  soon  subsides  in  the  absence  of  inflammation  of  the  mem- 
brane ;  if  it  continue  beyond  a  few  hours,  complications  may  be 
looked  for. 

Subjective  Sensations. — In  addition  to  those  already  mentioned, 
various  other  subjective  sensations  are  liable  to  be  produced  by 
rupture  of  the  tympanic  membrane,  and  the  hearing-power  is 
certain  to  be  more  or  less  affected.     At  the  moment  of  the  occur- 
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rence  of  the  injury,  a  loud  noise  is  usually  heard,  resembling  that 
of  an  explosion ;  this  generally  lasts  for  a  few  seconds  only, 
though  it  may  be  replaced  by  a  slighter  and  continuous  sensation. 
If  inflammation  be  set  up,  the  sound  will  be  altered  in  character. 
The  loud  noise,  first  heard,  is  due  to  the  rupture  of  the  fibres ;  it 
resembles  that  which  is  caused  when  a  tense  membrane  gives  way. 
The  subsequent  and  continuous  noises  may  be  due  to  several 
causes,  e.f/.,  effusion  within  the  t\'mpanum,  haemorrhage  in 
the  labyrinth,  or  concussion  of  the  auditor}^  nerve.  The  noises 
heard  after  inflammation  has  set  in  are  dependent  upon  the 
alterations  produced  in  the  tympanum.  When  rupture  of  the 
membrane  is  caused  by  condensing  the  air  in  the  cavity  (as  in 
emploj'ing  Politzer's  method),  the  crack  can  generally  be  heard 
by  the  surgeon. 

Various  alterations  in  hearing-power  are  immediate  results  of 
the  injury ;  the  form  they  take  depends  upon  the  nature  of  this 
latter  and  on  the  previous  condition  of  the  membrane.  Auditor}' 
hyperesthesia  is  an  occasional  result,  sometimes  evinced  towards 
sounds  in  general  and  sometimes  towards  special  notes.  In  the 
majority  of  patients,  however,  there  is  marked  diminution  of 
hearing-power,  and  this  rule  obtains  whenever  the  membrane  was 
previously  normal.  It  is  rare  for  the  diminution  to  be  so  great 
that  a  watch  can  be  heard  only  when  in  contact  ^\ith  the  auricle. 
When  this  symptom  is  present,  lesion  of  the  internal  ear  may  be 
inferred  to  exist.  In  all  such  cases  the  other  ear  should  be  care- 
fully examined,  in  order  to  compare  the  hearing-power. 

When  the  injury  has  been  inflicted  upon  a  membrane  altered 
1  ly  disease,  the  effect  upon  the  hearing-power  may  be  of  an  alto- 
gether different  character.  When  the  membrane  was  previoush' 
in  a  state  of  abnormal  tension  or  adherent  to  the  walls  of  the 
cavity,  its  condition  may  be  so  changed  by  the  force  which  caused 
the  rupture,  that  temporary  improvement  in  hearing-power  trsly 
actually  result,  thouoli  as  a  matter  of  course  ao-oTavation  of  the 
disability  is  only  too  likely  to  occur. 

Another  symptom  is  sometimes  noticed  in  cases  of  injury  of 
the  tympanic  membrane  ;  the  power  of  distinguishing  the  direc- 
tion whence  sound  comes  is  impaired  or  altogether  lost  on  the 
affected  side.  The  power  is  apt  to  be  restored  before  the  wound 
in  the  membrane  is  healed.  Some  patients  complain  of  a  sen- 
sation of  fulness  and  pressure  in  the  ear;    these  symptoms  are 


INJURIES  OF  THE  MEMI5RAXA  TYMPAXI.  229 

probably  due  to  effusion  within  the  tympanum  or  between  the 
la^'ers  of  the  membrane.  Blowing  the  nose  sometimes  causes  a 
hissing  sound,  due  to  the  air  which  escapes  through  the  opening. 

The  Objective  Symptoms  vary  with  the  cause  and  extent  of  the 
injury.  The  membrane  is  more  or  less  reddened  and  swollen,  but 
when  the  rupture  has  been  caused  by  a  sharp  instrument,  only 
the  edges  of  the  wound  may  present  these  appearances.  Witb 
regard  to  their  seat,  perforations  due  to  indirect  force  are  usually 
found  in  the  posterior  inferior  quadrant  and  towards  the  central 
portion  of  the  membrane ;  the  peripheral  part  is  thicker  and  more 
capable  of  resisting  force  applied  to  it.  Sometimes  the  edge  of 
the  perforation  corresponds  with  that  of  the  handle  of  the  malleus, 
and  the  margin  of  the  wound  is  not  infrequently  excoriated. 
There  is  seldom  more  than  one  opening,  and  it  is  generally 
roundish  in  form.  It  varies  in  size  between  a  mere  fissure  or 
cleft  (which  looks  dark  when  seen  through  the  speculum),  and  a 
gap  involving  the  greater  part  of  the  membrane.  In  rare  cases, 
from  two  to  five  perforations  have  been  caused  by  indirect  injuries. 
When  the  edges  of  the  wound  are  far  apart  they  are  often  covered 
with  coagulated  blood,  and  this  may  be  so  firmly  adherent  as  to 
be  very  difficult  of  removal.  Portions  of  the  membrane  at  some 
distance  from  the  opening  are  sometimes  covered  with  ecchymoses. 
In  some  cases,  the  layers  of  the  membrane  are  unequal!}'  involved 
in  the  injury  (Gruber),  and  whenever  a  blunt  instrument  has  been 
used,  the  margins  are  apt  to  be  irregular.  The  amount  of  blood 
in  the  meatus  depends  upon  the  extent  and  character  of  the 
wound ;  in  the  absence  of  complications  there  is  seldom  profuse 
hifimorrhage.  When  the  perforation  is  very  large,  it  maj  be 
possible  to   see  the  mucous  membrane  of  the  tympanum. 

A  punctured  wound  of  the  tympanic  membrane  may  be  compli- 
cated by  escape  of  cerebro-spinal  fluid.  Thus,  in  a  case  reported 
by  Professor  Schwartze,*  a  knitting  needle  passed  through  the 
membrane  in  the  region  of  the  stapes,  and  the  injury  was 
followed  by  transient  syncope,  vomiting,  no  ha?morrhage,  but 
escape  of  cerebro-spinal  fluid  from  the  ear.  This  flow  lasted  for 
eight  days,  and  was  so  profuse  as  to  cause  continuous  trickling. 
The  most  violent  headache,  earache,  and  vertigo  at  once  set  in, 
and  were  followed  by  other  symptoms  of  cerebral  irritation,  which 
lasted  for  four  weeks.  It  was  doubtful  whether  there  had  been 
*  Archives  of  Otologtj,  vol.  xi.  p.  82. 
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a  lesion  of  tlie  labyrinth  from  the  penetration  of  the  needle  into 
the  fenestra  ovalis,  or  into  some  other  part  of  the  wall.  It  was  also 
possible  that  the  cerebral  fluid  might  have  been  evacuated  through 
the  tegmen  tympani,  after  its  perforation  by  the  needle,  with 
simultaneous  rupture  of  the  mucous  membrane  and  the  dura 
mater. 

Injuries  involving  rupture  of  the  tympanic  membrane  are 
sometimes  associated  with  fracture  of  the  ossicles,  especially  of  the 
malleus,  and  Lesions  of  the  deeper  structures.  Union  of  the 
fractured  ends  is  the  rule  in  such  cases ;  but  the  normal  position 
of  the  parts  is  seldom  preserved. 

Owing  to  its  deep-seated  position,  the  tympanic  membrane  is 
seldom  injured  as  a  result  of  concussion  from  falls  or  blows,  unless 
the  bone  be  simultaneously  fractured.  Cases  of  perforation  of 
the  membrane  are  sometimes  attributed  to  blows  or  shocks;  but  it 
■\^•ill  generally  be  found  that  some  diseased  condition  of  the  mem- 
brane has  previously  existed. 

Effects  of  Condensed  Air. — Rupture  of  the  membrane  may 
undoubtedly  be  caused  by  sudden  condensation  of  air  in  the 
external  meatus,  produced  either  by  blows  upon  the  ear,*  or  by 
explosions  of  gunpowder.  Such  cases  are,  however,  extremely 
rare,  and  in  most  of  the  recorded  instances  there  was  a  history  of 
previous  disease  of  the  membrane.  Gruberf  relates  the  case  of  an 
officer  who  was  struck  down  at  Koniggratz  bj"  the  bursting  of  a 
shell.  On  recovering  consciousness,  he  became  aware  of  a  loud 
noise  in  the  left  ear.  There  was  also  deafness  on  that  side, 
moisture  in  the  meatus,  and  escape  of  air  when  he  blew  his  nose. 
A  few  hours  afterwards  pain  set  in,  and  other  symptoms  of 
inflammation.  On  examination  a  roundish  opening  ^^'as  dis- 
covered in  the  anterior  inferior  segment  of  the  membrane ;  there 
were  no  evidences  of  any  previous  disease,  and  the  structures  of 
the  other  ear  were  quite  normal.  This  was  the  only  case  of 
rupture  of  the  membrana  tympani  that  occurred  during  the  war, 
in  which  many  hundreds  of  the  soldiers  who  were  engaged 
doubtless  suffered  from  some  disease  of  the  ears.  Deafness  is 
not  uncommon  among  artillerymen,  but  it  is  only  in  very  rare 
cases  that  perforations  of  the   membrane   have    been   discovered. 

*  See  summary  of  a  paper  by  Dr.  Sexton,  Arcliii-es  of  Otology,  vol.  xvi.  p.  360, 
and  a  paper  by  Dr.  Treitel,  Ihld.,  vol.  xix.  p.  110. 
t  Lehrhuch  dcr  Ohrcnhellhunde,  S.  811. 
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and  these  are  more  likely  to  have  been  caused  by  disease  than  b}' 
explosions.  Dr.  Sexton,*  ho\\'ever.  had  the  opportunity  of  exam- 
ining the  ears  of  eight  men,  who  had  been  in  the  vicinity  of  an 
exploding  shell.  In  six  men  the  membrana  tympani  was  found 
to  be  ruptured ;  in  some,  rather  extensively.  In  all,  there  was 
serious  impairment  of  hearing.  In  the  cases  of  persons  who 
have  become  deaf,  as  a  result  of  sudden  condensation  of  air,  the 
condition  is  generally  due  to  lesion  of  the  nervous  structures.  As 
a  result  of  various  morbid  processes,  the  membrane  may  become 
comparatively  fragile,  and  will  then  give  way  under  the  operation 
of  slight  causes,  as  during  coughing,  straining,  blowing  the  nose 
or  sneezing.  In  some  cases  of  this  character,  the  rupture  is 
followed  by  the  escape  of  muco-purulent  fluid  from  the  meatus, 
thus  demonstrating  the  existence  of  disease  in  the  tympanum 
(Gruber). 

Dr.  Roosat  states  that  in  America,  during  the  late  Civil  War, 
only  one  case  of  rupture  of  the  tympanic  membrane  occurred  from 
the  explosion  of  artillery.  He  has  also  met  with  one  case  in 
which  firing  of  a  pistol  near  the  ear  produced  this  result.  The 
accident  is  sometimes  due  to  another  cause,  viz.,  "the  force  of  con- 
densed air  found  in  passing  through  the  lock  of  a  caisson  used 
in  excavating  for  the  foundations  of  bridges,  or  the  making  of 
tunnels  under  rivers."  In  most  of  such  cases,  however,  the 
permeability  of  the  Eustachian  tubes  had  been  previously  im- 
paired by  disease.  The  injury  is  caused  by  the  pressure  of  the 
condensed  air  upon  the  membrana  tympani;  if  the  external 
meatus  be  hermetically  plugged,  no  unpleasant  sensation  is 
experienced.  The  rupture  may  be  caused  directly  by  the  pres- 
sure ;  but  in  another  class  of  cases,  congestion  and  inflammation 
of  the  membrane  are  the  first  effects,  and  perforation  ensues  later 
on.  If  those  engaged  in  the  work  adopt  from  time  to  time 
Politzer's  method  of  inflating  the  ears,  all  bad  consequences  will 
be  prevented. 

Mechanical  Injuries  to  the  head,  causing  fracture  of  the  tem- 
poral bone  and  of  the  base  of  the  skull,  may  of  course  produce 
rupture  of  the  tympanic  membrane.  The  prominent  symptom  of 
such  an  injury  is  haemorrhage  from  the  meatus  or  more  or  less 
serous   discharge  from  the  ear.      The  membrane  ma\^  however. 

*  Archives  of  Otology,  vol.  xvi.  p.  300. 

t  Diseases  of  the  Ear,  Seventh  Edition,  p.  260. 
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escape  even  in  severe  fractures  of  the  temporal  bone,  attended  by 
considerable  haemorrhage.  The  latter  symptom  is  sometimes 
indicative  of  rupture  of  the  lateral  sinus,  but  the  blood  may 
come  from  the  tympanic  artery.  When  the  injury  is  immediately 
followed  by  the  escape  of  clear,  slightly  albuminous  fluid  from 
the  meatus,  there  is  reason  to  suspect  fracture  of  the  petrous 
portion  of  the  temporal  bone,  involving  the  roof  of  the  tympa- 
num, and  the  osseous  part  of  the  external  meatus,  with  laceration 
of  the  cerebral  membranes  and  rupture  of  the  membrana  tympani. 
If  the  discharge  first  appear  twenty-four  hours  or  more  after  the 
injury,  it  is  in  all  probability  not  cerebro-spinal  fluid,  but  inflam- 
mator}'  exudation  produced  within  the  tympanum.  In  a  fracture 
involving  the  petrous  portion  of  the  temporal  bone,  and  attended 
by  the  above  symptoms,  parah'sis  of  the  muscles  supplied  by  the 
facial  nerve  may  be  expected  to  occur.  Loss  of  taste  on  the  same 
side  of  the  tongue  ma}^  also  result  from  injury  to  the  chorda 
tympani. 

Rupture  of  the  membrana  tympani  on  each  side  is  a  very  rare 
accident,  and  is  generally  accompanied  by  fatal  injuries  of  other 
parts.  In  one  case,  however,  reported  by  Dr.  J.  M.  Eay.*  both 
membranes  were  ruptured  from  a  fall  on  the  head.  Haemorrhage 
from  the  ears  went  on  for  four  daj^s,  and  then  gave  place  to  a 
straw-coloured  fluid.  Notwithstanding  the  serious  character  of 
the  injuries,  the  patient  made  a  good  recovery,  and  was  reported 
"  well "  three  months  after  the  accident. 

Rupture  of  the  membrana  tympani  sometimes  occurs  by 
contre-coitp,  that  is  to  say,  the  injury  to  which  it  is  due  is  inflicted 
on  a  part  of  the  head  at  some  distance  from  the  membrane.  Thus 
falls  on  the  forehead,  vertex,  and  occiput,  have  caused  an  injury  of 
this  character.  Such  cases  are  less  common  than  those  in  which 
the  injury  is  on  the  same  side  of  the  head  as  the  blo^^^  In  one 
instance  recorded  by  Dr.  C.  Williams, f  of  Minnesota,  the  injurj^ 
consisted  of  fracture  of  the  left  external  auditory  canal  and  rup- 
ture of  the  membrana  tympani.  The  patient,  a  man  aged  thirty- 
seven,  had  fallen  backwards  on  a  slippery  path,  and  struck  the 
back  of  his  head  against  the  ice  with  such  force  as  to  produce 
unconsciousness,  which  lasted  for  some  time.  That  the  back  of 
his   head  was  the   part  struck  was  shown  by  the   fact   that  the 

*  ArcJiires  of  Otology,  vol.  xv.  p.  192. 
f  Ibid.,  vol.  xiii.  p.  157. 
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corresponding  portion  of  ''  his  stiff  felt  hat  was  broken  off  and 
lay  under  his  head."  In  a  case  under  the  care  of  Dr.  Eitelberg,* 
of  Vienna,  after  a  fall  down  some  steps,  the  greater  part  of  the 
tympanic  membrane  on  the  right  side  became  detached  and  came 
away.  Two  months  later,  the  loss  of  substance  was  entirely 
replaced. 

Prog'nosis. — In  rupture  or  traumatic  perforation  of  the  mem- 
brana  tympani,  the  prognosis  depends  upon  the  nature  of  the 
injury,  the  presence  of  complications,  and  the  previous  condition 
of  the  ear.  In  many  cases,  ruptures  of  the  membrane,  due  to 
traumatic  causes,  heal  up  in  a  few  days,  the  process  being  effected 
either  by  adhesion  of  the  margins  of  the  wound,  or  by  the 
development  of  membranous  tissue  between  them.  The  hearing- 
power  is  but  little,  if  at  all  impaired.  Ecchymoses  of  the  mem- 
brane are  apt  to  change  their  position  in  the  course  of  time,  and 
to  pass  towards  the  periphery.  In  their  later  stages,  they  are 
often  found  at  the  upper  and  posterior  part,  and  project  slightly 
from  the  surface.  Sometimes  yellow  spots  remain,  due  to  meta- 
morphosis of  the  haemoglobin.  The  subjective  sensations  generally 
pass  away  after  the  perforation  has  closed. 

When  the  injury  has  affected  the  labyrinth,  the  prognosis 
must  be  guarded.  Restoration  of  the  hearing-power  is  likely  to 
be  incomplete.  In  the  presence  of  such  complications  as  injuries 
to  the  osseous  walls,  dislocation  or  fracture  of  the  ossicles,  com- 
plete recovery  is  not  to  be  expected  ;  the  hearing-power  is  certain 
to  be  seriously  impaired,  if  not  altogether  lost.  Purulent  inflam- 
mation of  the  middle  ear  sometimes  results  from  injuries  to  the 
membrana  tympani.  It  is  not  infrequently  caused  by  the 
injudicious  treatment  of  such  cases.  The  s^^mptoms  of  such  a 
complication  are  increase  of  pain  in  and  about  the  ear.  elevation 
of  temperature,  and  marked  hyperemia  of  the  membrane.  The 
opening  becomes  larger,  and  more  or  less  purulent  secretion 
escapes.  In  unfavourable  cases  portions  of  the  membrane  are 
destroyed,  granulations  or  polypi  form,  and  the  process  becomes 
one  of  chronic  suppuration  of  the  middle  ear,  with  all  its  dangers. 

In  complicated  cases,  the  tuning-fork  sometimes  aids  in 
determining  the  extent  of  the  injur}-.  If  the  bone-conduction  on 
the  affected  side  be  better  than  conduction  through  the  air,  injury 
to  the  labyrinth  may  be  excluded. 

*  ArcJiives  of  Otolog//,  vol.  xix.  p.  12. 
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The  general  health  of  the  patient  will  influence  the  prognosis. 
In  tuberculous  subjects,  healing  of  a  perforation  is  often  verj^ 
incomplete. 

Treatment. — As  a  general  rule,  slight  injuries  to  the  tympanic 
membrane  quickl}^  become  healed.  All  that  is  necessary  is  to 
introduce  into  the  meatus  a  small  plug  of  cotton-wool  carrying  a 
little  carbolised  oil,  and  to  appl}^  a  bandage  so  as  to  protect  the 
ear.  Simple  ruptures  of  the  membrane  require  similar  treatment. 
The  patient  should  be  kept  quiet,  and  should  avoid  doing  any- 
thing likely  to  cause  cerebral  congestion.  Forcible  sneezing  and 
blowing  the  nose  violently  are  certain  to  interfere  with  the 
healing  process.  The  desire  to  sneeze  may  sometimes  be  checked 
by  rubbing  the  bridge  of  the  nose  with  the  finger.  Any  little 
masses  of  coagulated  blood  in  the  meatus  and  foreign  bodies 
should  be  carefully  removed  with  the  forceps  or  scoop,  and  the 
parts  should  be  cleansed  with  a  little  cotton-wool  attached  to  a 
probe ;  the  instillation  of  fluids  and  syringing  are  never  advisable. 
Such  procedures  are  only  too  likely  to  cause  severe  inflammation 
of  the  membrane  and  tympanum.  If  there  be  severe  pain  in  the 
ear  and  hypersemia  of  the  membrane,  a  few  leeches  may  be 
applied  with  advantage  either  over  the  mastoid  process  or  in  front 
of  the  tragus.  Cold  applications  are  also  likely  to  be  serviceable. 
After  all  active  symptoms  have  subsided,  if  the  discharge  from 
the  ear  become  sero-purulent,  warm  antiseptic  solutions  should 
be  cautiously  tried.  Boric  acid  (2 — 3  per  cent.)  and  carbolic 
acid  (1  per  cent.)  are  the  best  remedies  for  this  purpose.  Other 
details  will  be  found  in  the  chapter  on  the  Treatment  of  Chronic 
Suppuration  of  the  Middle  Ear. 

INFLAMMATION  OF  THE  MEMBRANA  TYMPANI— MYRINGITIS. 

Primary  acute  inflammation  of  the  membrana  tj^mpani  very 
seldom  occurs  ;  but  the  membrane  is  liable  to  be  implicated  in 
various  inflammatory  processes  of  the  external  and  middle  ear. 
The  majority  of  cases  of  acute  myringitis  are  of  a  secondary 
character.  Inflammation  of  the  meatus,  due  to  fungi,  is  apt  to 
spread  to  the  membrane,  with  perforation  as  an  occasional  result 
in  neglected  cases. 

Primary  acute  myringitis  is  almost  invariably  confined  to  one 
ear,  and   follows  directly  upon  some  form  of  injury.     The  most 


IXFLAMMATIOX  OF  THE  MEMIUIAXE.  235 

common  causes  of  this  character  are :  foreign  bodies,  the  applica- 
tion of  irritating  or  caustic  fluids,  and  exposure  to  cold. 

Symptoms. — In  acute  cases,  especially  when  due  to  direct 
injury,  the  first  symptom  is  more  or  less  severe  pain,  of  a  pricking 
or  tearing  character,  which  increases  in  intensity,  and  subsides 
with  the  appearance  of  a  serous  discharge.  The  patient  also 
complains  of  a  feeling  of  pressure  and  fulness  in  the  ear,  and  of 
noises  of  various  kinds,  often  of  a  pulsating  character.  Hearing- 
power  is  somewhat  lessened.  More  or  less  fever  is  generallj^ 
present,  and  delirium  may  occur  in  young  subjects.  The  pain 
and  the  other  symptoms  are  usually  worse  at  night. 

The  Objective  Symptoms  depend  upon  the  exciting  cause  and 
the  degree  of  inflammation,  and  likewise  upon  the  previous 
condition  of  the  membrane.  In  most  cases  the  membrane  is  not 
uniformly  affected  ;  but  the  signs  of  inflammation  are  especially 
marked  in  the  upper  ])ortion  and  along  the  handle  of  the  malleus. 
The  principal  changes  occur  in  the  external  layer  of  the  mem- 
brane, which  becomes  hyperaemic  and  yellowish-red  in  colour ; 
these  appearances  commencing  near  the  handle  of  the  malleus, 
and  gradually  becoming  diffused  over  the  whole  surface.  In  a 
subsequent  stage,  which  rapidly  supervenes,  the  membrane, 
especially  in  its  upper  part,  becomes  opaque  and  much  swollen, 
so  that  it  projects  into  the  canal.  The  handle  of  the  malleus  is 
no  longer  distinguishable,  being  covered  up  by  the  infiltrated 
tissue ;  its  position  is  marked  by  injected  vessels.  Beneath  the 
epidermis,  more  or  less  sero-purulent  fluid  is  exuded,  and  some- 
times vesicles  are  distinguishable.  During  the  further  progress 
of  the  case,  separation  of  the  epidermis  is  a  marked  feature,  and 
the  exudation  becomes  more  copious  and  purulent.  The  deep 
portion  of  the  external  meatus  is  reddened  and  swollen,  some- 
times to  such  a  degree  as  to  obliterate  the  periphery  of  the 
membrane,  which  ma}^  be  still  further  covered  up  b}^  accumulated 
secretion. 

In  the  subsequent  course  of  the  disease,  after  detachment  of  the 
epithelium,  the  exudation  gradually  diminishes  in  quantity  and 
the  swelling  subsides.  Some  weeks,  however,  pass  before  the 
signs  of  inflammation  eventually  disappear.  The  redness  becomes 
less  and  less  marked,  and  the  normal  translucency  and  lustre  of 
the  membrane  are  gradually  restored,  unless  fatty  degeneration  or 
partial  calcification  has  occurred. 
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Abscesses  in  the  Membrane. — In  rare  instances,  instead 
of  exudation  beneath  the  epidermis,  abscesses  form  in  the  sub- 
stance of  the  membrane.  Such  formation  is  most  often  seen  in 
the  early  stages  of  middle-ear  inflammation.  In  those  cases  in 
which  vesicles  and  abscesses  are  developed  without  obvious  cause, 
they  may  possibly  be  dependent  upon  irritation  of  nerve-centres, 
and  thus  resemble  herpetic  eruptions.  Their  formation  i^ 
attended  by  more  or  less  severe  pain ;  but  the  subjective  sensa- 
tions and  loss  of  hearing-power  are  for  the  most  part  slight.  Such 
abscesses  are  generally  found  in  the  posterior  superior  quadrant, 
and  extend  from  the  membrane  to  the  wall  of  the  meatus. 
They  contain  clear  yellowish  exudation ;  are  more  or  less  rounded 
in  form,  and  are  surrounded  by  a  reddened  margin  in  which 
enlarged  vessels  are  distinctly  visible.  They  usually  burst 
externally,  leaving  small,  flat,  yellowish-red  ulcers,  which  have  a 
tendency  to  perforate  the  membrane.  Sometimes,  however,  the 
contents  of  the  abscess  become  absorbed,  and  the  process  comes 
to  an  end  with  the  detachment  of  a  yellowish  crust.  Partial 
calcification  is  sometimes  observed,  and  one  or  more  whitish 
chalk-like  patches  are  seen  on  the  membrane.  Such  a  result  is 
not  infrequent  in  the  case  of  abscesses  of  the  membrane  connected 
with  acute  middle-ear  inflammation.  The  deposition  of  tubercle 
sometimes  leads  to  the  formation  of  abscesses,  with  perforation  as 
a  consecjuence. 

Pormation  of  Vesicles.  —  Acute  inflammation  of  the 
tjmipanic  membrane  occasionally  gives  rise  to  other  changes  than 
those  already  noticed.  In  one  variety  described  b}^  Politzer  *  as 
rn  i/ringitis  hidlosa,  in  addition  to  increased  vascularity  near  the 
handle  of  the  malleus,  and  scattered  ecchymosed  patches,  one  or 
more  transparent  vesicles,  as  large  as  hemp-seeds,  pearly  ^^■hite  in 
colour,  and  filled  with  serous  fluid,  appear  on  the  surface.  These 
vesicles  either  burst,  or  disappear  owing  to  the  absorption  of  their 
contents. 

In  another  form,  which  has  of  late  been  somewhat  frequently 
observed  in  connection  with  influenza,!  ecchj^mosed  patches  are 
accompanied  by  the  development  of  bluish-black,  tense  vesicles, 
containing  blood,  which  are  apt  to  extend  to  the  wall  of  the  meatus 
and  to  bleed  \evj  freely  on  bursting.    Their  development  is  accom- 

*  Lehrbuch  clcr  Ohrenhellhundc,  II.  Aufl.  S.  192. 

f  Gruber,  xUlgem.  Wiener  Med.  Zeltung,  1890,  No.  10. 
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panied  by  very  severe  pain.  The  origination  of  these  vesicles  is 
attributed  to  capillary  thrombosis,  said  to  be  due  to  a  peculiar 
micro-organism  found  in  the  blood  of  influenza  patients. 

Diagnosis. — The  diagnosis  of  acute  inflammation  of  the  mem- 
brana  tympani  is  seldom  difficult ;  the  complaint  may.  however, 
be  confounded  with  acute  middle-ear  inflammation.  In  myi'in- 
gitis,  the  impairment  of  hearing  is  slight  in  comparison  with 
the  objective  appearances ;  the  air-douche  causes  pain,  but  no 
abnormal  sound  on  auscultation.  The  pain  is  relieved  by  pressing-^ 
the  finger  gently  into  the  ear.  When  abscess  exists,  it  may  be 
detected  with  the  probe ;  its  surface  will  be  found  to  pit  on 
pressure.  It  must  be  remembered  that  acute  inflammation  of  the 
tympanic  membrane  is  very  seldom  of  primary  origin,  whereas 
it  frequently  accompanies  acute  suppuration  of  the  middle  ear. 

Prognosis. — The  prognosis  in  cases  due  to  injury  varies  with 
the  degree  of  the  inflammation  and  the  general  condition  of  the 
patient.  If  the  injury  be  slight  and  the  patient's  health  good, 
reco^■erv  within  a  few  davs  is  the  o'eneral  rule.  If,  however,  there 
be  any  constitutional  dyscrasia,  e.7.,  scrofula,  the  complaint  may 
prove  very  obstinate  and  tedious. 

In  severe  cases,  perforation  is  not  uncommon,  and  this  when 
not  caused  by  the  injury  may  be  due  to  a  gradual  process  of 
absorption  or  to  ulceration,  and  openings  may  take  place  at  one 
or  more  spots.  Abscesses  formed  in  the  membrane  generally 
burst  externally,  but  the  pus  may  break  through  into  the 
tympanum  as  well,  ^^'ith  a  large  perforation  as  the  result.  In 
other  cases,  a  different  course  may  be  noticed ;  the  pus  becomes 
partly  absorbed,  and  in  process  of  time  is  converted  into  a  cal- 
careous mass.  Atrophy  of  the  membrane  is  a  common  result  of 
inflammation ;  but  in  some  cases,  thickening  or  hypertrophy 
remains  behind. 

Treatment. — Careful  treatment  is  required  not  only  to  relieve 
pain,  but  to  prevent  injurious  consequences.  The  first  step  is  to 
protect  the  meatus  and  membrane  by  the  introduction  of  a  plug 
of  cotton-wool.  Injections  of  any  kind  are  not  to  be  recom- 
mended, inasmuch  as  they  are  liable  to  act  as  irritants  and 
increase  the  hypersemia.  For  the  relief  of  the  latter,  several 
leeches  should  be  applied  below  the  ear  and  over  the  mastoid 
process.  In  severe  cases  a  small  bladder  of  powdered  ice  may  be 
placed    over    the    ear,    care   being   taken   to   prevent    water   from 
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trickling  into  the  meatus.  If  the  leeches  fail  to  relieve  the  pain 
and  hyperaeniia.  it  is  well  to  try  the  effect  of  a  few  superficial 
incisions  through  the  integument  of  the  deep  part  of  the  meatus, 
as  recommended  by  Gruber.  These  should  be  about  ^  inch 
long,  and  parallel  to  the  margin  of  the  membrane,  so  as  to 
divide  some  of  its  blood-vessels.  The  bowels  must  be  relieved 
by  means  of  saline  purgatives.  If  the  pain  prove  very  severe, 
lukewarm  water  containing  anodynes  in  solution  may  be  dropped 
into  the  ear ;  of  these,  cocaine  is  the  most  efficacious,  used  in  the 
form  of  a  10 — 20  per  cent,  solution.  AVhen  an  abscess  has  formed 
in  the  membrane,  it  should  be  opened  as  soon  as  possible  ^A'ith 
a  myringotome. 

As  the  acute  inflammation  subsides,  serous  fluid  escapes  from 
the  ear,  and  the  pain  is  much  mitigated.  The  meatus  may  then  be 
syringed  out  thrice  daily  with  a  3  per  cent,  solution  of  boric 
acid,  after  which  a  plug  of  cotton-wool  charged  with  perchloride 
of  mercury  is  to  be  introduced.  The  ear  should  be  carefully 
examined  in  order  to  see  whether  perforation  exists.  This  may 
be  difficult  to  detect  at  first,  inasmuch  as  the  swollen  and  softened 
state  of  the  membrane  prevents  an  aperture  from  gaping.  The 
best  evidence  is  obtained  by  employing  Politzer's  method  :  or  the 
Eustachian  catheter.  If  a  perforation  exist,  the  air  passing 
through  it  will  give  rise  to  a  blowing,  whistling  sound. 

Another  sign  of  perforation  is  to  be  found  in  the  discharge 
from  the  ear.  When  the  tympanic  mucous  membrane  is  involved, 
the  matters  discharged  will  be  mucous  in  character,  and  hence  if 
after  the  use  of  the  syringe  threads  of  mucus  are  found  in  the 
fluid,  the  existence  of  a  perforation  may  be  inferred.  Later  on 
the  secretion  becomes  purulent  in  character.  As  a  matter  of 
coui-se,  involvement  of  the  tjTupanum  lengthens  the  duration  of 
the  case,  and  influences  the  prognosis.  Adhesions  of  the  sound- 
conducting  parts  are  certain  to  take  place,  with  more  or  less 
impairment  of  hearing  as  a  necessary  consequence. 

CHRONIC  INFLAMMATION  OF  THE  MEMBEANA  TYMPANI— 
CHRONIC  MYRINGITIS. 

Chronic  inflammation  of  the  membrana  tympani  is  generally 
the  result  of  an  acute  attack,  and  may  continue  for  weeks  or  even 
for  months.     It  is,  however,  but  rarely  an  independent  afiection ; 
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in  most  cases  it  occurs  in  connection  with  inflammation  of  the 
middle  ear  or  of  the  meatus.  Even  if  the  morbid  process  com- 
mence in  the  membrane,  perforation  is  the  ordinary-  result  in 
chronic  cases,  with  subsequent  implication  of  the  tympanic  cavity. 
When  both  parts  are  involved,  it  is  impossible  to  determine  the 
course  and  starting-point  of  the  disorder. 

The  Symptoms  of  chronic  myringitis  are  less  marked  than 
those  of  the  acute  disorder.  They  consist  of  noises  in  the  ears,  a 
sensation  of  fulness  and  pressure,  more  or  less  deafness,  with 
itching  or  sharp  pricking  pain  from  time  to  time.  The  discharge 
from  the  ear  is  muco-purulent  and  variable  in  quantity,  being 
sometimes  very  abundant,  and  sometimes  very  scanty.  On 
examining  the  meatus,  the  deeper  parts  are  seen  to  be  swollen, 
red.  and  covered  with  epithelial  debris.  The  membrane  itself  is 
grey  or  greyish  yellow,  thickened,  and  devoid  of  transparency  ; 
the  short  process  and  the  handle  of  the  malleus  are  indistinguish- 
able. The  surface  of  the  membrane  may  be  covered  by  exudation 
in  the  form  of  crusts.  Ulcers  and  granulations  are  sometimes 
present,  and  the  latter,  in  the  course  of  time,  may  attain  the  size 
of  a  pea.  and  project  like  a  polypus  into  the  meatus :  their 
presence  does  not  necessarily  indicate  perforation  of  the  mem- 
brane.    Ulceration  of  the  membrane  is  sometimes  due  to  syphilis. 

Chronic  myringitis  is  not  always  associated  with  purulent 
discharge  from  the  meatus.  AVhen  the  membrana  propria  is 
especially  involved,  increase  of  the  connective  tissue  is  the  general 
result.  This  produces  thickening  and  rigidity  of  the  membrane, 
A\ith  considerable  impairment  of  its  functions. 

A  villous  condition  of  the  membrane  has  been  noticed,  as  a 
result  of  chronic  inflammation.  Small  projecting  gTo^^•ths  of 
connective  tissue,  inclosing  a  capillary  loop,  and  covered  with 
pavement  epithelium,  occupied  the  surface  of  the  membrane, 
while  the  membrana  propria  was  much  thickened.*  Such  villous 
growths  resemble  mucous  polypi ;  in  some  cases  the  adjoining- 
part  of  the  meatus  has  been  found  similarly  covered.  In  all  these 
forms  of  chronic  inflammation,  the  whole  membrane  may  be 
affected,  or  only  certain  portions  thereof,  leaving  intermediate 
spaces  free. 

Course  of  the  Disease. — Chronic  inflammation  of  the  mem- 
brana tympani  runs  a  very  tedious  course,  and  rarely  ends  in 
*  Arcl.f.  OhrenhciUiurKh',  Bd.  V.  S.  250. 
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complete  recovery ;  thickening,  opacity  and  calcareous  deposits 
often  remain,  and  in  other  cases  there  is  atrophy  Avitli  perforation. 
The  chronic  stage  which  often  follows  acute  inflammation  is 
sometimes  characterised  b}-  oft-repeated  desquamation  of  the 
epidermic  layer.  In  such  cases  the  discharge  mainly  consists  of 
thick  yellowish-white  flakes  of  epithelium,  with  a  little  purulent 
fluid.  The  membrane  is  covered  with  epithelial  scales,  and 
sometimes  dotted  over  by  minute  granulations. 

Treatment. — In  comparatively  slight  cases  the  meatus  should 
be  carefully  syringed  in  order  to  remove  purulent  secretion  and 
epithelial  debris,  both  of  which  irritate  the  parts,  and  maintain 
the  hyperaemic  condition.  After  sj-ringing  and  careful  drying, 
powdered  boric  acid  may  be  applied  by  means  of  an  insufflator. 
If  this  prove  insufficient,  we  may  have  recourse  to  solutions  of 
zinc  sulphate  (gr.  iij.  to  §j.),  of  which  a  few  drops  warmed  may 
be  poured  into  the  ear  once  daily.  A  solution  of  acetate  of  lead, 
of  similar  strength,  may  also  be  tried.  In  the  desquamative 
form,  the  crusts  should  be  softened  by  dropping  in  a  solution  of 
carbonate  of  sodium  (1  to  5  each  of  glj'cerine  and  water).  The 
ear  is  then  to  be  syringed,  after  which  astringents  (zinc  or 
lead)  will  prove  useful.  In  very  obstinate  cases,  a  2  per  cent, 
solution  of  nitrate  of  silver  may  be  used  with  advantage.  When 
p-ranulations  and  ulcers  exist  on  the  membrane,  thev  should  be 
touched  with  a  solution  of  chromic  acid,  or  with  solid  nitrate 
of  silver,  or  with  its  solution  (10  per  cent.),  applied  by  means  of 
a  brush,  or  absorbent  wool  twisted  on  to  the  end  of  a  probe.  It 
is  well  to  syringe  the  ear  after  applying  the  caustic,  which  may  be 
repeated  every  third  or  fourth  day.  For  the  destruction  of 
pTanulations.  a  solution  of  chromic  acid  will  o-enerallv  be  found 
more  efficacious  than  the  nitrate  of  silver  ;  it  is  to  be  carefully 
applied  on  a  chromic  acid  carrier  or  wool  every  three  or  four 
days.  I  consider  the  galvano-cautery  is  very  rarely  necessary  for 
the  destruction  of  granulations ;  but  Politzer  recommends  a 
simple  platinum  point,  and  that  each  cauterisation  should  last 
only  two  or  three  seconds  ;  the  circuit  is  to  be  closed  when  the 
growth  is  touched  by  the  electrode,  which  must  be  withdrawn  after 
each  application.  The  pain  caused  may  be  somewhat  lessened  by 
the  previous  application  of  a  5 — 20  per  cent,  solution  of  cocaine. 

Various  conditions  of  the  tympanic  membrane,  associated  ^^-ith 
middle-ear  suppuration,  will  be  described  in  subsequent  chapters. 
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DISEASES  OF  THE  NOSE,  PHARYNX,  AND  XASO-PHARYXX, 
COXXECTED  WITH  DISEASES  OF  THE  MIDDLE  EAR. 

Influence  of  Diseases  of  X^'ose  and  Xaso-Pharynx  on  Condition  of  Tym- 
panum—Acute Nasal  Catarrh^Causes  and  Symptoms— Extension 
to  Eustachian  Tubes — Objective  Appearances — Treatment — Chronic 
Catarrh  of  the  Naso-Pharynx— Causes  and  Anatomical  Appearances 
— Condition  of  the  Mucous  Membrane — ^The  Secretions — Symptoms 
Caused  by  Swelling  of  the  Mucous  Membrane — Nervous  Disorders — 
Course  and  Changes  sometimes  produced  in  Mucous  Membrane — 
Ulcerative  Processes— Connection  between  Chronic  Naso-Pharyn- 
geal  Catarrh  and  Aural  Diseases — Treatment— Local  Applications— 
The  Nasal  Douche — The  Syringe — Politzer's  Method  of  ApplyiDg 
Solutions  to  the  Xares— Use  of  the  Spray- Apparatus — Inhalation- 
Ointments — Caustics  in  Solution — Insufflation  of  Fine  Powders- 
Nasal  Bougies — The  Galvano-Cautery — Chemical  Caustics— Treat- 
ment of  Ozaena — Treatment  of  Enlargement  of  Posterior  Extremity 
of  Inferior  Turbinated  Body — Treatment  of  Xasal  Polypus — Treat- 
ment of  Enlarged  Tonsils — Granular  Pharyngitis — Morbid  Growths 
in  the  Naso-Pharynx  and  their  Treatment — Removal  of  Tip  of  Uvula 
— Measures  for  Restoring  the  Functions  of  the  Muscles  of  the  Tubes 
— ^ Adenoid  Growths — The  Pharyngeal  Tonsil — Literature  on  the 
Subject  of  Adenoid  Growths — Their  Anatomical  Structure — Etiology 
— Symptoms,  Subjective  and  Objective— Disorders  of  Middle  Ear 
resulting  from  these  Growths — Methods  of  Examination — Digital 
l^xamination — Inspection  with  the  Mirror — Diagnosis — Treatment- 
Method  of  Removing  Adenoid  Growths. 

Owing  to  the  anatomical  relations  of  the  parts  and  the  manner 
in  which  they  are  connected  by  means  of  the  Eustachian  tubes, 
diseases  of  the  nose  and  naso-pharynx  are  in  many  cases  the 
starting-points  of  disorders  of  the  tympanum,  and  they  exercise  a 
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very  decided  influence  upon  the  course  and  termination  of  the 
latter  complaints.  Thus,  catarrh  of  the  naso-phaniix  may  extend 
through  the  Eustachian  tube,  and  produce  a  similar  condition, 
and  possibly  one  of  greater  severity,  in  the  middle  ear.  More- 
over, when  there  is  no  extension  of  the  original  process  beyond 
the  Eustachian  tube,  the  obstruction  may  prevent  the  proper 
interchange  of  air  in  the  tympanic  cavity,  with  catarrhal  and 
other  changes  as  probable  results.  Any  condition  which  seriously 
interferes  with  nasal  respiration  tends  to  produce  injurious  effects 
in  the  tympanic  cavities. 

A  knowledge  of  nasal  and  naso-pharyngeal  disorders  is  there- 
fore necessary-  for  the  treatment  of  aural  affections,  and  the  present 
chapter  will  be  devoted  to  a  consideration  of  such  diseases  as  are 
closely  connected  with  the  subject  of,  this  work. 

The  methods  of  examining  the  nose  and  naso-pharynx  by 
anterior  and  posterior  rhinoscopy  have  been  already  described  (see 
p.  97).  Digital  examination  may  be  necessary  for  the  pui-pose  of 
discovering  the  existence  and  extent  of  adenoid  gi-owths,  a  fruitful 
source  of  middle-ear  disease. 

Tlie  affections  of  the  nose  which  require  description  are : 
acute  and  chronic  nasal  catarrh,  morbid  gTO"svths  of  various  kinds, 
and  adenoid  gro\^i:hs. 

Acute  Nasal  Catarrh. — This  well-known  complaint  is 
generally  attributed  to  catching  cold  ;  it  is  most  common  when 
the  temperature  exhibits  sudden  changes,  and  sometimes  prevails 
as  an  epidemic.  Xasal  catarrh  often  attacks  in  succession  several 
members  of  one  family,  and  in  such  instances  it  is  highly  pro- 
bable that  micro-organisms  (streptococci)  play  an  important  part 
in  causation.  Such  organisms  are  often  to  be  found  in  the  naso- 
pharynx, where  they  appear  to  cause  no  disturbance  so  long  as 
the  tissues  are  in  a  normal  condition.  When,  however,  local 
disorder  of  circulation  is  set  up  as  a  result  of  cold  and  damp,  the 
micro-organisms  are  capable  of  exerting  a  specific  influence. 
Some  persons  are  especially  liable  to  nasal  catarrh,  while  othei*s 
are  seldom  affected.  Sometimes  the  cause  is  purely  local ;  thus, 
ulcers  in  the  nose,  foreign  bodies  and  tumours  of  various  kinds 
are  apt  to  cause  catarrh,  and  in  the  same  categoiy  must  be  placed 
those  cases  in  which  the  symptoms  are  due  to  inlialation  of 
powdered  ipecacuanha,  and  of  the  pollen  of  various  gi-asses. 
Iodine  taken  internally  often  causes  nasal  catarrh,  and  the  same 
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symptom  is  frequently  observed  in  connection  with  acute  and 
chronic  infectious  disorders. 

Symptoms.^These  are  so  well  known  as  scarcely  to  require 
description.  In  severe  cases  there  are  generally  febrile  symptoms 
accompanied  by  headache,  pains  in  the  limbs,  loss  of  appetite,  and 
depression.  The  local  symptoms  take  the  form  of  a  feeling  of 
dryness  and  a  pricking  sensation  in  the  nose,  while  smell  and 
taste  are  impaired*  or  perverted.  In  from  twenty-four  to  forty- 
eight  hours  a  thin  watery  secretion  is  poured  out.  and  becomes  more 
and  more  plentiful ;  the  fluid  is  of  an  irritating  nature,  and  often 
causes  more  or  less  inflammation  of  the  orifice  of  the  nose  and 
upper  lip.  After  two  or  three  days  the  secretion  becomes  puru- 
lent and  thick,  and  crusts  form. 

The  tendency  of  the  catarrh  to  spread  to  adjacent  cavities  is  a 
point  of  special  importance.  Thus,  it  often  involves  the  frontal 
sinuses  and  the  antrum,  and  extends  backwards  to  the  mucous 
membrane  of  the  throat.  The  Eustachian  tubes  are  very  liable  to 
be  involved,  the  patients  complaining  of  deafness,  pain  or  fulness, 
and  noises  in  the  ears.  The  mouths  of  the  tubes  are  swollen  and 
covered  with  mucus,  and  this  condition  may  spread  along  the 
canals,  and  involve  the  tympanic  cavity  on  one  or  both  sides. 
Catarrh  of  the  tympanum  often  results  from  a  similar  affection  of 
the  naso-pharynx. 

Objective  Appearances. — On  examining  the  nose,  the  mucous 
membrane  is  observed  to  be  reddened,  and  covered  with  secretion ; 
in  severe  cases  there  are  often  erosions  and  discharge  of  blood. 
AVhen  posterior  rhinoscopy  is  practised,  the  pharyngeal  tonsil  is 
found  to  be  enlarged,  and  stands  out  prominently ;  and  as  a  result 
of  swelling  of  the  adenoid  tissue,  Rosenmiiller's  fossa  appears 
filled  up.  \\hile  the  pharyngeal  orifice  of  the  tube  on  one  or  both 
>ides  is  reduced  to  a  mere  cleft,  and  is  covered  with  secretion. 
The  posterior  wall  of  the  pharynx  is  reddened  and  swollen  in 
])laces.  and  the  surface  of  the  soft  palate  has  an  uneven,  granular 
appearance.  The  mucous  membrane  of  the  posterior  extremities  of 
the  inferior  turbinate  bodies  sometimes  projects  from  the  posterior 
nares  in  the  form  of  cfelatinous  o-revish  tumours,  which  mav 
extend  as  far  as  the  pharyngeal  orifices  of  the  Eustachian  tubes. 
The  septum  is  often  thickened,  and  in  contact  with  the  turbinate 
bodies,  so  that  the  nares  are  much  reduced  in  width. 

Treatment. — \\\  most  cases,  acute  naso-pharyngeal  catarrh  runs 
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a  tolerably  definite  course,  and  comes  to  an  end  in  from  ten  to 
fourteen  days  without  any  special  treatment.  It  is  especially 
necessary  that  the  patient  should  avoid  the  causes  of  the  com- 
plaint, such  as  exposure  to  cold  and  draughts,  and  this  precaution 
is  very  desiralile  for  patients  who  are  prone  to  suffer  from  ear- 
symptoms  during  the  progress  of  the  catarrh.  In  order  to  miti- 
gate the  severit}-  of  the  spnptoms.  the  patient  may  be  directed 
to  inhale  the  vapour  of  water  charged  with  ammonia  or  carlx>lic 
acid :  the  application  of  a  2 — 5  per  cent,  solution  of  cocaine  to 
the  mucous  membrane  tends  to  diminish  the  swelling  and  discom- 
fort. In  some  patients,  camphor  inhaled  or  taken  internally  has 
a  decided  influence  on  nasal  catarrh.  It  is  useful  only  at  the 
beginning  of  an  attack,  which  it  sometimes  cut  short,  or.  should  it 
fail  to  do  this,  it  diminishes  the  violence  of  the  symptoms.  '\Mien 
the  irritation  is  very  gTeat.  and  the  pain  in  the  forehead  is  severe, 
relief  may  l3e  procured  by  insufflating  morphine  in  fine  powder, 
about  an  eighth  of  a  gi'aiii  at  a  time,  mixed  with  one  grain  of 
starch.  Some  patients  derive  great  benefit  from  a  few  gi'ains  of 
Dover's  powder  taken  at  bed-time  for  three  or  four  nights :  other 
diaphoretics,  warm  baths  and  purgatives  are  all  serviceable  in 
different  cases.  If  the  throat  lie  considerably  involved,  a  borax 
gargle  or  spray  containing  the  same  drug  will  tend  to  relieve  the 
catarrh.  The  best  remedy,  however,  for  most  cases,  is  the  ammo- 
niated  tincture  of  quinine  taken  in  drachm  doses  every  three  or 
four  houi*s.  A  double  dose  should  be  taken  immediately  the 
early  s^nnptoms  are  noticed,  and  a  single  dose  continued  at  tlie 
intervals  mentioned  alx)ve.  If  taken  Ax-ith  twenty  di'ops  of  spirits 
of  chloroform  the  disagi*eeable  taste  is  considerably  diminished. 
Chronic  Catarrh  of  the   Naso-Pharynx  may  succeed 

the  acute  disease,  (.t  it  may  become  gradually  developed  as  an 
independent  disorder.  In  the  former  case  it  is  most  often  seen  in 
debilitated  or  scrofulous  persons  who  have  suffered  from  some 
acute  infectious  disorder,  or  are  the  subjects  of  pulmonary  disease. 
It  may  last  for  months  or  even  yeai*s.  improvements  alternating  with 
relapses.  In  some  patients  the  condition  of  the  naso-pharnix  is 
maintained  and  aggi'avated  by  the  nature  of  their  occupation, 
^lany  instances  of  this  kind  are  to  be  met  with  among  omnibus 
drivers,  cabmen,  engine  drivers,  furnace-men.  ccK>ks.  and  others 
exposed  to  gi'eat  changes  of  temperature,  or  those  who  have  to 
work  in    dust    or   irritating    vapours.      The   immcKlerate    use   of 
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alcohol  and  tobacco  too  often  helps  to  intensity  and  perpetuate  the 
naso-phaiyngeal  complaint.  Gastric  derangement  is  a  frequent 
source  of  this  affection,  and  nasal  obstruction  due  to  any  cause  is 
also  an  important  factor  in  maintaining  this  disease.  In  children 
the  presence  oi'  intestinal  worms  may  cause  the  continuance  of 
this  malady.  Enlarged  tonsils  and  an  elongated  uvula  also  act  as 
sources  of  irritation. 

Anatomical  Appearances. —  The  changes  are  not  conhned  to  the 
naso-pharyn.x.  but  almost  invariably  extend  to  the  accessory 
cavities  and  adjacent  parts.  When  the  condition  has  existed  for 
some  time,  the  Eustachian  tubes  and  tympanic  cavities  are  rarely 
found  to  be  normal.  On  examining  by  posterior  rhinoscopy,  the 
parts  are  seen  to  be  relaxed  and  swollen  ;  the  pharyngeal  tonsil, 
the  orifices  of  the  Eustachian  tubes,  the  middle  and  inferior 
turbinate  bodies,  the  soft  palate  and  the  uvula  are  the  parts 
especially  involved.  An  ccdematous  condition  is  not  infrequent. 
The  colour  varies :  it  may  be  pale  red,  greyish  red.  or  brownish 
red.  In  drunkards  the  naso-pharynx  is  often  of  a  deep  red 
colour,  and  the  mucous  membrane  presents  many  tortuous  dilated 
vessels  and  small  patches  of  extravasated  blood.  In  severe  cases 
of  this  kind,  and  especially  when  complicated  by  hepatic  or 
cardiac  disease,  copious  ha?morrhage  from  the  throat  is  a  not 
infrequent  symptom. 

In  chronic  naso-pharyngeal  catarrh,  the  swollen  condition  of 
the  mucous  membrane  is  due  to  vascular  dilatation,  serous 
infiltration,  and  deposits  of  cellular  elements  in  the  connective 
tissue,  with  hypertrophy  and  induration  as  further  results. 
Uetiform  or  adenoid  tissue,  in  some  places  diffused,  and  in  others 
iorming  small  masses,  is  very  abundant  in  the  naso-pharynx.  and 
i-apidly  increases  under  the  influence  of  irritation.  The  enlarged 
lymphoid  follicles  project  above  the  surface  of  the  mucous  mem- 
brane, and  give  rise  to  the  appearances  peculiar  to  granular  or 
follicular  inflammation.  The  swollen  condition  of  the  nasal 
mucous  membrane  is  liable  to  frequent  variations,  in  great 
measure  due  to  the  existence  of  the  cavernous  tissue  in  the  sub- 
mucous layer  of  the  membrane  covering  the  turbinate  bones,  and 
especially  the  inferior.  Patches  of  this  tissue  are  often  in  a 
varying  state  of  engorgement  during  catarrh,  and  are  also  liable 
to  chronic  induration.  Such  changes  are  apt  to  be  most  marked 
in  the  posterior  extremity  of  the  inferior  turbinate  body,  which 
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then  projects  into  the  posterior  nares.  and  occupies  more  or  less 
space  in  the  upper  part  of"  the  pharynx.  The  treatment  of  this 
condition  \\ill  be  referred  to  presently. 

Changes  in  the  Secretion. — In  cases  of  naso-pharyngeal  catarrh, 
the  secretion  is  always  more  or  less  increased  and  altered  in  quality. 
It  consists  of  mucus  mingled  with  pus  in  various  proportions  ;  and 
has  a  j^ellowish  or  yellowish-green  colour.  It  often  forms  tena- 
cious masses,  which  appear  behind  the  uvula,  or  dry  up  into  dark 
yellowish  or  brown  crusts,  which  adhere  somewhat  firmly  to  the 
posterior  wall.  In  the  nares.  the  dried  secretion  may  either  coat 
the  surface  of  the  mucous  membrane  or  may  form  plugs,  completely 
obstructing  the  passages  and  exciting  sensations  similar  to  those 
caused  by  foreign  bodies.  Flakes  of  dried  secretion  accumulate 
in  the  nostrils  ;  efforts  at  their  removal  not  infrequently  cause 
erosions  and  ulcers.  Earthy  concretions,  '•  rhinoliths,"  are  some- 
times formed.  On  examination  under  the  microscope,  the  moat 
prominent  changes  are  seen  to  be  as  follows :  dilatation  of 
capillary  vessels,  enlargement  of  the  glands,  infiltration  of  the 
tissue  with  lymphoid  cells  and  consequent  increase  in  bulk,  and 
suppuration  of  the  follicles.  These  appearances  are  often  very 
marked  near  the  pharyngeal  orifices  of  the  tubes. 

Subjective  Symptoms.  —  Many  of  the  symptoms  of  naso- 
pharyngeal catarrh  are  due  to  the  impediment  to  respiration  ;  the 
patient  complains  that  the  nose  is  stopped  up,  and  that  he  has  to 
keep  his  mouth  constantly  open.  As  a  result  of  this  attitude,  the 
expression  after  a  time  is  liable  to  become  changed  ;  the  patient 
acquires  a  dull,  stupid  look.  Pain  or  a  feeling  of  heaviness  in  the 
forehead  and  temples  is  often  troublesome,  and  may  be  so  severe 
as  to  incapacitate  the  sufferer  for  mental  occupation.  The  voice 
is  altered,  and  the  senses  of  smell  and  taste  are  more  or  less 
blunted,  and  sometimes  quite  abolished.  The  patients  frequently 
cough  and  hawk,  in  order  to  get  rid  of  the  tenacious  secretion, 
and  to  lessen  the  feeling  of  drj'uess,  irritation,  and  discomfort  at 
the  back  of  the  throat.  After  a  fe^^'  hours'  sleep,  the  dryness  of 
the  tongue  and  pharj'nx  is  apt  to  be  very  annoying.  There  is 
often  temporar}-  deafness,  from  obstruction  of  one  or  both 
Eustachian  tubes,  and  increased  secretion  in  the  external 
meatus. 

In  addition  to  the  above-mentioned  symptoms,  there  are  certain 
nei^vous  complaints  which  sometimes   appear  to  be  more  or  less 
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closely  connected  with  chronic  affections  of  the  nose.  The 
])henomena  are  of  retlex  origin,  and  those  which  are  most  im- 
portant take  the  form  of  parox^'sms  of  asthma  and  spasmodic 
cough,  migraine,  vertigo,  and  facial  neuralgia.  It  is  supposed  by 
some  authorities  that  turgescence  of  the  inferior  turbinated  body 
often  i:)lays  an  important  part  in  the  causation  of  these  disorders ; 
but  other  forms  of  intra-nasal  disease  are  credited  with  a  similar 
power  of  originating-  nervous  symptoms. 

Course  and  Changes  Produced.— Chronic  naso-pharyngeal  catarrh 
may  continue  for  indefinite  periods,  and  is  liable  to  produce  marked 
changes  in  the  mucous  membrane.  In  one  class  of  cases,  hyper- 
trophy is  the  prevailing  feature,  and  is  accompanied  by  polypoid 
outgrowths  (see  page  245).  In  children,  proliferation  of  the 
adenoid  tissue,  with  serious  consequences  in  the  Eustachian  tubes 
and  tympana,  is  a  common  result.  In  another  class  of  cases,  the 
mucous  membrane  becomes  atrophied,  the  nasal  cavities  are 
enlarged  and  contain  accumulations  of  crusts  which  give  rise 
to  an  offensive  odour.  This  process  of  atrophy  sometimes  follows 
the  opposite  condition,  in  which  swelling  and  inflammatory 
thickening  of  the  mucous  membrane  have  been  prominent 
symptoms.  Ulceration  is  another  consequence  of  naso-pharyn- 
geal catarrh,  and  is  often  seen  in  syphilitic  cases.  It  may  be 
confined  to  the  mucous  memlu'ane,  or  extend  to  the  periosteum 
and  the  bones,  producing  more  or  less  severe  caries  and  necrosis. 
These  processes  are  always  accompanied  by  fcetid  discharges  from 
the  nose,  and  often  cause  extensive  destruction  of  the  soft  parts. 
The  connection  between  chronic  naso-pharyngeal  catarrh  and 
aural  disease  may  be  thus  described.  The  swelling  of  the  mucous 
membrane  is  liable  to  extend  to  the  pharyngeal  openings  of  the 
tubes,  which  may  also  be  occluded  by  masses  of  secretion  ;  the 
catarrhal  process  may  extend  to  the  middle  ear  and  cause  deaf- 
ness, subjective  auditory  symptoms,  and  pain.  In  addition  to 
these  causes,  the  tympanum  may  be  indirectly  affected  by  loss 
of  power  of  the  muscular  apparatus  of  the  tul)e ;  and  ^^'hen  a 
catarrhal  condition  is  superadded,  the  difference  must  be  very 
considerable,  inasmuch  as  there  is  not  onl}-  loss  of  power,  but 
greater  difficulty  to  be  overcome.  Atrophy  of  the  muscles  would 
appear  to  result  from  long-continued  catarrh. 

Treatment. — In  dealing  with  chronic  naso-pharyngeal  catarrh, 
there  are  at  least  three  objects  to  be  attained:    1.  removal  of  the 
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secretion  :  2.  restoration  of  the  nuicons  membrane  to  a  normal 
condition ;  3,  stimulation  of  the  muscular  apparatus  of  the  tubes. 
But  before  local  measures  are  employed,  it  is  necessary-  to  ascer- 
tain whether  there  be  any  constitutional  dyscrasia  requiring 
attention.  S}'philis,  scrofula,  and  anaemic  conditions  must  be 
dealt  with  by  appropriate  general  remedies.  \Aithout  which  local 
treatment  will  prove  unavailing.  Dyspepsia  and  constipation 
must  also  not  be  overlooked. 

Removal  of  Secretion  is  best  effected  by  thoroughly  \\ashing 
out  the  nares  with  an  alkaline  solution,  to  which  an  antiseptic  may 
be  at  times  added  with  advantage.  It  is  often  well  to  begin  with 
a  weak  solution  (3 — 10  grains  to  the  ounce)  of  chloride  of  sodium, 
to  which  may  be  added  the  same  quantity  of  bicarbonate  of  soda 
and  borax,  and  two  or  three  times  the  quantity  of  powdered 
white  sugar.  The  last  ingredient,  by  increasing  the  specific 
gravity  of  the  solution,  makes  it  less  irritating,  and  at  the  same 
Time  causes  it  to  be  more  pleasant  to  the  taste.  Chlorate  and 
bicarbonate  of  potash  may  be  used  in  the  same  proportion  as 
chloride  of  sodium.  In  some  cases  of  chronic  catarrh,  menthol 
is  of  service  after  the  secretion  has  been  removed  by  an  alkaline 
lotion.  The  following  formula  is  suitable  for  its  application  in 
the  form  of  a  spray : — 

^  Menthol  gr.  5—15.  01.  Adepsin.  Alb.  ad  §j.  ft.  sol. 
Urbantschitsch  recommends  equal  parts  of  milk  and  warm  water 
to  be  used  as  an  injection.  Astringents  are  not  Avell  borne  by 
the  nasal  mucous  membrane,  and  when  used  should  be  very  weak. 
According  to  AYendt.  quoted  by  Politzer.  solutions  of  alum  are  to 
be  avoided,  inasmuch  as  permanent  loss  of  smell  has  been  noticed 
after  their  use.  As  antiseptics,  the  sulpho-carbolate  of  zinc  (gr. 
^ — 2  to  §j.).  salicylic  acid  (gr.  ^  to  gj.),  and  boric  acid  (gr.  5  to 
gr.  15),  are  suitable  remedies,  and  as  a  stimulating  application 
chloride  of  ammonium  (gr.  iij. — v.  to  Jj.)  may  be  employed.  When 
the  secretions  are  very  foetid  stronger  antiseptic  solutions,  such  as 
carbolic  acid.  ^ — 2  grains  to  the  ounce,  or  Liq.  Potass.  Per- 
mangan.  {\y. — xv.  to  §j.)  may  be  used. 

A  large  number  of  medicinal  substances  are  recommended  for 
improving  the  condition  of  the  mucous  membrane.  AVith  regard 
to  them  all  it  must  be  said  that  their  efficacy  varies  much  in 
different  cases,  and  that  a  remedy  which  has  acted  very  beneficially 
in  one  case  may  prove  useless  in  another.     Hence  the  necessity  of 


CHRONIC  CATAKiar  OF  THE  NASO-nrARYXX. 


249 


being  provided  witli  several  applications  whicli  can  be  tried  in 
succession  as  recjuired.  Tlie  remedies  in  question  may  be  used  in 
several  ways ;  thus,  to  begin  with,  they  may  be  applied  either  in 
solution,  or  in  the  dry  state  as  fine  powders,  or  as  ointments. 

Solutions  are  best  applied  to  the  nose  and  naso-pharynx  by 
means  of  a  spray  producer,  and  failing  that,  by  sniffing  them 
through  the  nostrils  from  the  hand  or  a  small  vessel  made  to 
fit  the  opening.  1  never  recommend  the  employment  of  a  nasal 
douche,  because  its  use  is  liable  to  be  followed  by  acute  inflam- 
mation of  the  middle    ear  caused  bv   some   of  the  lotion  havina* 


Fig.  78. 

S]N(,i.K  Ball  Spray  PKODiChR. 

passed  along  the  Eustachian  tube;  or  by  severe  and  persistent 
headache,  consequent  on  some  of  the  fluid  having  forced  its  way 
iiito  the  frontal  sinuses.  Koosa's*  experience  is  by  no  means  uni(]ue, 
and  yet  the  dangers  attending  the  employment  of  this  instrument 
appear  to  be  comparatively  unknown  or  disregarded.  If  a  spray- 
producer  were  insufficient  to  clear  inspissated  nnicus  from  the 
nostrils  or  naso-pharynx.  there  would  be  grounds  for  resorting  to 
another  method  ;  but  I  have  always  found  tliat  tlie  instrument 
shown  in  Fig.  78  accomplished  all  it  was  intended  to  do.  At  my 
suggestion,  Messrs.  Mayer  and  Meltzer  made  this  spray-producer 
with  only  one  ball,  which,  in  my  opinion,  is  more  serviceable  than 

■*  Dr.  Roosa  {Diseases  of  the  Ear,  p.  389)  gives  a  list  of  sixteen  cases  in  which 
injury  to  the  ear  resulted  from  the  use  of  the  nasal  douche. 
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a  similar  apparatus  fitted  with  two  balls.  In  the  case  of  the  latter, 
the  spray  cannot  be  readil}'  checked  if  the  patient  coughs,  or,  for 
an\'  reason,  wishes  the  application  of  the  lotion  to  be  quickl}^ 
stopped ;  whereas  with  the  former,  the  strength  and  duration  of 
each  jet  of  spray  can  be  accuratel}'  regulated  I33'  the  force  used  to 
compress  the  single  ball. 

Although  disapproving  of  the  employment  of  the  nasal  douche 
I  will  now  refer  to  that  instrument,  and  repeat  the  precautions 
considered  necessary  by  those  who  advocate  its  use. 

The  Nasal  Douche  was  invented  by  Weber ;  it  consists  of  a 
jar,  capable  of  holding  a  pint  of  iluid,  and  of  a  piece  of  india- 
rubber  tubing  fitted  at  one  end  with  an  olive-shaped  nose-piece. 
The  tube  acts  as  a  syphon,  and  the  vessel  must  therefore  be 
placed  on  a  higher  level  than  the  patient's  head.  When  the 
tube  is  exhausted  of  air,  a  continuous  flow  takes  place ;  the  nose- 
piece  is  placed  in  one  nostril,  and  when  the  fluid  touches  the 
upper  surface  of  the  soft  palate,  the  latter  rises  and  closes  the 
passage  into  the  throat ;  the  fluid  passes  round  the  septum  and 
escapes  by  the  other  nostril,  thus  washing  out  the  naso-pharynx, 
and  removing  mucus  and  crusts.  The  patient  should  be  directed 
to  breathe  quietly  through  the  mouth  while  the  douche  is  in  action. 

According  to  Politzer,  the  following  precautions  are  necessary 
in  using  the  douche.  First,  the  vessel  containing  the  fluid  must 
not  be  too  far  above  the  head,  and  the  flow  should  be  occasionally 
interrupted  by  pinching  the  tube.  Secondly,  the  head  should  be 
kept  erect,  directed  neither  forwards  nor  backwards ;  the  patient 
must  breathe  through  the  mouth,  and  it  will  aid  the  closure  of 
the  throat  if  he  keeps  pronouncing  the  vowel  sound  "  ah." 
Thirdly,  if  one  nasal  cavity  be  narrower  than  the  other,  the 
stream  must  be  directed  into  it.  Fourthl}',  tepid,  non-irritating 
solutions  of  weak  strength  should  always  be  used.  Fifthly,  if  on 
any  occasion  fluid  has  passed  into  the  middle  ear,  the  douche 
must  be  laid  aside  ;  and  in  any  given  case,  before  allo^^'ing  a 
patient  to  use  it  himself,  it  is  necessary  that  he  should  be  fully 
conversant  with  the  necessary  manipulations,  and  with  these 
precautions. 

The  solutions  most  often  used  in  this  manner  are  as  follows : — 
Solutions  of  boric  acid  or  of  common  salt,  5 — 15  grains  to  the 
ounce.  Politzer  especially  recommends  a  10  per  cent,  solution 
of  acetate   of  alumina,    which    he    states    has    proved   useful    in 
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several  cases  in  which  other  remedies  failed.  Stork  recommends 
a  solution  containing  a  tea-spoonful  of  a  mixture  of  the  following- 
salts  in  a  litre  of  Mater — the  salicylate,  bicarbonate,  and  chlorate 
of  sodium,  of  each,  twenty  parts. 

The  Syringe  affords  a  somewhat  safer  means  than  the  douche 
of  applying  solutions  which  may  be  required  to  be  injected  into 
the  anterior  nares,  or  into  the  naso-pharynx.  For  the  former 
purpose  an  olivary  nose-piece  is  required,  and  the  syringe  should 
contain  not  more  than  two  ounces  of  fluid ;  it  should  be  held 
horizontally,  and  the  fluid  should  be  directed  straight  backwards. 
AYhen  it  is  wished  to  wash  out  the  naso-pharynx  recourse  may 
be  had  to  a  syringe  furnished  with  a  long  tubular  nozzle,  with  a 
curved  extremity,  so  that  ^hen  passed  through  the  mouth,  the 
point  can  be  turned  upwards  behind  the  soft  palate  ;  but  an 
ordinary  syringe  used  through  the  anterior  nares  is  generally 
sufficient  to  remove  all  secretion,  and.  moreover,  causes  the 
patient  less  discomfort.  When  the  post-nasal  syringe  is  used 
the  head  should  be  directed  forwards,  so  that  the  fluid  may 
escape  through  the  nostrils.  Only  a  slight  amount  of  force 
must  be  used,  as  tliere  is  some  danoer  of  drivino-  the  solution  into 
the  tympanum. 

When  it  seems  desirable  to  apply  a  solution  to  the  general 
surface  of  the  mucous  membrane  of  the  nose  and  naso-pharynx. 
Politzer  recommends  the  use  of  a  boat-shaped  g^lass  vessel,  by 
means  of  which  two  table-spoonfuls  of  fluid  can  be  poured  into 
the  nostrils  when  the  head  is  inclined  backwards.  In  order  to 
prevent  the  solution  from  escaping  into  the  lower  part  of  the 
throat,  the  patient  should  breathe  quickly  through  the  mouth 
while  it  is  being  poured  in  ;  \\hen  the  fluid  is  felt  in  the  pharynx, 
the  head  must  be  quickly  bent  forwards,  so  that  escape  may 
take  place  through  both  nostrils  ;  for  the  fluid,  in  consequence  of 
the  shutting-off  of  the  lower  part  of  the  pharynx,  will  have  passed 
into  the  other  half  of  the  nose.  To  ensure  the  action  of  the 
remedy  upon  the  mucous  membrane,  and  to  prevent  the  passage 
into  the  tympanum  of  any  that  may  remain,  the  patient  should  be 
prohibited  from  blowing  his  nose  until  a  quarter  of  an  hour  has 
elapsed.  When  any  of  these  methods  is  practised  the  injected 
fluid  will  reach  the  pharyngeal  orifice  of  the  tube,  and  is  liable  by 
attraction  to  pass  into  the  tube  itself,  and  thus  act  indirectly 
upon  the  tympanum. 
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Inhalation  is  anotlier  method  of  applying  remedies  to  tlie 
mucous  iiiembrane  of  tlie  nose  and  naso-pharynx,  and  an 
ordinary  inhaler  with  an  india-rnbber  nose-piece  fitted  on  the 
month-piece  will  answer  the  pm-pose.  Steam  from  hot  water 
relieves  the  feeling  of  dryness  and  tightness  which  sometimes 
accompanies  chronic  catarrhs  when  secretion  is  very  scanty,  and 
it  also  softens  layers  and  plugs  of  inspissated  secretion.  The 
vapour  of  chloride  of  ammonmm  in  the  nascent  state  has  a  good 
effect  as  a  stimulant  when  the  mucous  membrane  is  relaxed  and 
swollen.  There  are  many  different  kinds  of  inhalers  for  gene- 
rating these  fumes — Basdon's  and  Godfrey's  may  be  mentioned 
as  acting  efficiently.  Other  remedies  are  (1)  Creasote,  used  as 
follows : — 1^  Creasoti  TTLSO,  Magnesiae  Carbonatis  Levis  7;ss., 
Aquam  ad  gj. ;  a  tea-spoonful  to  be  added  to  a  pint  of  water  at 
140°  for  each  inhalation.  (2)  Tindiir.  Benzoin.  Comp.,  a  tea- 
spoonful  to  be  used  in  a  similar  manner,  and  its  stimulating 
properties  may  be  increased  by  adding  7I[v.  01.  Pini  Sylvestris 
to  each  3j.  As  a  more  stimulating  remedy,  the  following  may 
be  emploj^ed  : — 1^  01.  Pini  Sylvestris  111,40,  Magnes.  Carbon  at. 
Levis  gr.  20  ;  Spirit.  Camphoras  111,40,  Aquam  ad  §j.  A 
tea-spoonful  to  be  added  to  a  pint  of  ^^'ater  at  140"  for  each 
inhalation. 

Application  of  Ointments. — Remedies  can  also  be  applied  to 
the  nasal  mucous  membrane  in  the  form  of  ointment,  and  it  is 
sometimes  desirable  to  apply  them  in  this  manner  after  the  use  of 
the  douche.  The  boric  acid  ointment  is  antiseptic  and  sedative  in 
its  action,  and  relieves  irritation  in  cases  of  subacute  and  chronic 
catarrh,  and  menthol  3ss. — 3j.,  mixed  with  oil  of  sweet  almonds 
§j.,  is  also  sometimes  of  use.  When  excessive  secretion  is  a 
prominent  symptom,  belladonna  ointment  is  useful,  and  a  more 
efficacious  preparation  is  composed  as  follows : — 1^  Liq.  Atropine 
Sulphat.  oSS. — oj. ;  Vaselini  §j.  When  dryness  of  the  membrane 
is  a  marked  symptom,  the  following  will  relieve  discomfort : — 
1^  Eucalypti  Olei  3j.,  A^aselini  §j.  An  ointment  containing  five 
grains  of  hydrochlorate  of  cocaine  to  the  ounce  will  prove  service- 
able when  the  mucous  membrane  is  hyperasmic,  relaxed,  and 
t^wollen.  In  some  cases  in  which  abrasions  or  ulcerations  exist, 
an  ointment  containing  five  to  ten  grains  of  iodoform  to  an 
ounce  of  vaseline  is  a  suitable  application.  This  ointment  may  be 
applied  to  syphilitic  iilceration,  and  may  be  replaced  after  a  time 
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b}'  the  weak  nitrate  of"  mercury  ointment,  furtlier  diluted  witli 
four  or  six  parts  of  vaseline. 

If  the  catarrhal  condition  of  the  nose  and  pharynx  prove  very 
obstinate,  and  unaffected  by  tlie  remedies  just  described,  Politzer 
recommends  the  application  of  a  concentrated  solution  of  nitrate 
of  silver  (1 — 10).  This  acts  as  a  strong  cauterant  to  the  mucous 
membrane  ;  it  can  be  applied  to  the  diseased  portions  by  means 
of  a  camel-hair  brush,  or  on  a  piece  of  absorbent  wool.  When 
the  membrane  is  extensively  affected,  and  the  s^^•elling  obstructs 
the  nose,  a  l)all  of  cotton-wool,  as  large  as  a  hazel-nut,  and 
saturated  with  the  solution,  may  be  pushed  as  far  as  possible  into 
each  nostril  by  means  of  a  pair  of  forceps,  and  the  nose  then 
plugged  with  dry  wadding.  The  head  is  inclined  backwards, 
and  the  solution  squeezed  out  of  the  cotton-wool  by  compressing 
the  nose  with,  the  thumb  and  forefino-er  ;  bv  this  means  the  fluid 
is  brought  into  contact  with  a  large  portion  of  the  mucous  mem- 
brane. After  the  cotton-wool  has  been  removed,  the  skin  about 
the  nostrils  should  be  ^^'ashed  with  a  weak  solution  of  iodide  of 
potassium. 

The  application  of  a  strong  solution  of  nitrate  of  silver  causes 
a  severe  burning  pain  and  increased  secretion.  If  the  action  be 
very  severe,  it  should  be  neutralised  by  injecting  tepid  water,  or 
a  weak  solution  of  common  salt.  Politzer  states  that  the  treat- 
ment is  often  follo^^'ed  by  rapid  improvement ;  the  breathing- 
through  the  nose  becomes  freer,  and  the  patient  feels  much  more 
comfortable.  The  application  should  be  made  twice  or  three 
times  a  week,  and  may  have  to  be  repeated  as  many  as  ten  times. 
If  it  be  desired  to  apph'  the  solution  to  the  naso-pharynx,  a 
brush  is  required,  fixed  to  a  suitably  bent  handle.  This  can  be 
passed  behind  the  soft  palate,  and  applied  to  the  roof  and  walls 
of  the  naso-pharynx.  In  cases  of  atrophic  rhinitis,  a  feeling  of 
dryness  at  the  l)ack  of  the  throat  is  often  very  troublesome.  It 
may  be  relieved  by  the  application  of  a  solution  of  iodine  gr.  vj., 
iodide  of  potassium  gr.  xij.,  in  gh'cerine  gss. 

Insufflation  is  another  method  of  applying  remedies  to  the 
nose  and  naso-pharynx.  Ver}-  fine  powders  are  required,  and 
only  small  quantities  should  be  used  at  one  time.  As  but  little 
good  can  be  expected  from  the  patient's  attempts  to  "  snuff  up  " 
powders,  a  proper  instrument  is  always  necessary.  Kabierskie's 
insufflator  (Fig.  79)  is  a  good  apparatus.     It  works  best  when  the 
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powder  is  below  tlie  india-rubber  valve  in  the  centre  of  the  bottle. 
Besides  Kabierskie's  there  are  various  other  forms  of  insufflators, 
by  means  of  which  the  powders  can  be  introduced  into  the  nose 
or  throat ;  but  with  these  instruments  the  powder  is  not  so  evenly 
or  so  finely  distributed  as  with  Kabierskie's  insufflator.  A  piece 
of  india-rubber  tubing,  furnished  with  an  elastic  ball  at  one  end, 
and  a  narrower  tube  at  the  other,  is  suitable  for  most  cases.  The 
powder  is  introduced  through  an  opening  in  the  wall  of  the  tube, 
which  is  then  closed  with  a  slide  or  the  finger.  Tubes  of 
different  curvatures  may  be  required  for  different  cases  ;  but  an 
instrument  with  an  arm  about  half  an  inch  lonp-.  bent  at  a  rio-ht 
angle  with  the  stem,  will  be  found  suitable  in  most  cases  for 
applying  powders  to  the  naso-pharynx. 

The  insufflation   may  be  made  through  the  nostrils,  whether 


Fig.  79. 
Kabierskie's  Insufflator. 

The  nose  or  the  naso-pharynx  be  the  seat  of  disease,  and  this 
method  is  especially  preferable  when  both  regions  are  affected  ; 
but  in  some  cases,  when  the  naso-pharynx  alone  is  diseased,  it  is 
best  to  apply  the  remedy  directly  to  that  region  through  the 
mouth.  Boric  acid  is  best  mixed  with  oxychloride  of  bismuth 
or  sugar  of  milk.  Grains  20  to  30  of  boric  acid  to  2  drachms  of 
the  latter  make  a  suitable  mixture.  Menthol  may  be  used  as 
follows  : — Menthol,  grain  1,  oxychloride  of  bismuth,  grains  2-1-. 
powdered  starch,  grains  25.  Iodoform  may  be  mixed  with  half 
its  weight  or  more  of  starch,  or  added  to  the  mixture  of  boric 
acid  and  bismuth.  Hydrochlorate  of  morphia  one-sixteenth  to 
one-eighth  of  a  grain,  mixed  with  about  a  grain  of  starch,  is  useful 
for  allaying  pain.  For  some  syphilitic  cases  sublimated  calomel  is 
serviceable  when  blown  into  the  nostrils  by  means  of  a  suitable 
appliance  (Fig.  80)  with  lamp  attached. 
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Nasal  Bougies. — There  is  yet  another  way  of  applying  remedies 
to  tlie  nasal  mucous  membrane,  viz..  the  introduction  of  bournes 
having  a  gelato-glycerine  basis,  with  which  the  drug  is  incorpo- 
rated. Iodoform  (gr.  J— i),  carbolic  acid  (gr.  ^).  hydrochlorate 
of  cocaine  (gr.  J),  sulphate  of  copper  (gr.  ^V)-  ^^"^(^  sulphate  of 
zinc  (gr.  yL)  can  be  applied  in  this  manner.  As  the  basis 
gradually  licpiefies,  the  action  of  the  I'emedy  is  maintained  for 
some  time.  The  disadvantage  of  this  mode  of  treatment  is  that 
the  bougie,  when  partially  melted,  is  liable  to  slip  down  the 
patient's  throat  or   out   of  the   anterior  opening  of  the  nostril. 

Cauterisation. — When  the  mucous  membrane  is  much  swollen, 
and  ordinary  treatment  has  failed  to  produce  the  desired  effect, 
the  careful  application  of  the  galvano-cautery  will  sometimes 
prove  very  efficacious.  The  extremity  of  the  electrode  should  be 
adapted  to  the  part  to  which  it  is  to  be  applied.  Sometimes  it  is 
desirable  to  produce  a  somewhat  large  superficial  slough,  but  more 


Fig.  80. 

FVMIGATOR,    WITH   SPIRIT   LAMP. 


often  linear  cauterisation  will  produce  the  best  efiect.  The  use  of 
the  cautery  should  be  preceded  by  the  applicatioji  of  a  solution 
of  cocaine  (10—20  per  cent.),  and  as  some  individuals  are  easily 
affected  by  this  drug,  and  a  feeling  of  faintness  in  consequence 
(juickly  supervenes,  no  more  than  is  necessary  should  be  used. 
It  is  sometimes  advisable,  when  both  nostrils  require  to  be 
cauterised,  to  anaesthetise  one,  and  then  determine  \\hether  the 
other  sliall  be  treated  at  that  intervie^^•  or  on  another  occasion. 
When  the  part  to  be  cauterised  is  within  view,  it  is  best  anaes- 
thetised by  rubbing  it  with  a  piece  of  absorbent  wool  twisted  on 
to  the  end  of  a  probe  and  wetted  with  the  solution.  If  a  sprav 
})roducer  is  used,  I  prefer  one  made  of  vulcanite  (Fig.  53,  pagv 
120),  as  this  material  is  not  acted  upon  by  the  drug.  Before 
applying  cocaine,  the  part  to  be  cauterised  must  be  carefully 
determined,  because  the  swelling  of  the  tissues  will  disappear  a^s 
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soon  as  the  drug  takes  effect.  Finding  that  Schech's  cautery 
handle  was  frequently  getting  out  of  order,  I  had  a  handle  made, 
Fig.  81,  with  the  connections  on  the  surface,  and  the  movable 
pole  arranged  as  a  long  spring,  so  that  it  could  l^e  easily 
depressed. 

Before  usino-  the  cautery,  the  anterior  orifice  of  the  nostril 
should  be  dilated  with  a  speculum  having  solid  blades,  in  order 
to  press  aside  the  hairs  usuall}'  found  in  that  region  in  adults. 
Should  it  be  necessary  to  introduce  the  cauter}^  into  the  naso- 
pharynx, the  soft  palate  should  be  previously  painted  ^ith  a 
solution  of  cocaine,  and,  when  anaesthetised,  held  forward  by 
means  of  a  soft  palate  tractor.  The  danger  of  inflammation 
extending  along  the  Eustachian  tube  and  producing  suppuration 
in  the  middle  ear  must  not  be  forgotten.     When  cauterising  a 


Fig.  81. 

Thl',  Althors  Electk()1>Ii,  Handlk. 


nostril,  care  is  necessary  to  prevent  two  opposite  parts  of  the 
cavity  beins-  touched  with  the  electrode,  because  if  both  surfaces 
have  been  burned,  the}-  are  liable  to  unite  when  they  come  in 
apposition,  as  a  result  of  the  swelling  of  the  tissues  which  always 
follows  the  operation.  It  is  usually  advisable  to  wait  about  a 
fortnight  before  again  applying  the  cautery,  so  as  to  allo^^'  all 
inflammatory  swelling  to  subside  and  healing  to  be  thoroughly 
completed. 

As  substitutes  for  the  galvano-cautery,  various  chemical 
agents  are  a^'ailable  for  the  destruction  of  hypertrophied  por- 
tions of  the  mucous  membrane,  but  the  objection  to  their  use 
is  that  their  action  cannot  be  precisely  limited.  The  most 
efficacious  of  these  are :  chromic  acid,  glacial  acetic  acid,  nitrate 
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of  silver,  chloride  of  zinc  (a  concentrated  solution),  and  nitrate 
of  mercury.  If  a  proper  chromic  acid  carrier  (Fig.  82),  is  not 
at  hand,  a  silver  probe,  grooved  near  its  apex,  is  a  convenient 
instrument  for  applying  this  remed}^,  and  also  nitrate  of  silver. 
Whilst  the  application  is  being  made,  the  nostril  should  be 
kept  dilated  by  means  of  a  speculum.  A  solution  of  cocaine 
should  be  previously  applied,  and  after  the  cauterisation  (with 
chromic  acid)  has  been  effected,  it  is  well  to  use  the  spray- 
apparatus  with  a  strong  solution  of  bicarbonate  of  soda.  The 
fluid  caustics,  according  to  their  nature,  may  be  applied  on  a  small 
glass  or  camel-hair  brush,  or  on  a  strip  of  cane  having  one  end 
slightly  crushed,  so  as  to  be  capable  of  taking  up  a  small  amount 
of  fluid,  provided  the  chromic  acid  carrier,  Fig.  82,  is  unsuitable  for 
the  purpose.  Before  the  application,  any  superfluous  liquid  should 
be  removed  with  a  piece  of  absorbent  wool  or  blotting-paper. 
Various  modifications  of  the  instruments  will  be  required  when 


Fig.  82. 
Chromic  Acid  Carrikr. 


the  naso-pharynx  is  especially  affected.  When  the  mucous  mem- 
brane is  much  swollen,  especially  in  the  neighbourhood  of  the 
pharyngeal  orifices  of  the  tubes,  Politzer  recommends  circum- 
scribed cauterisation  of  the  latter  parts.  He  uses  for  this 
purpose  a  large  slightly  curved  vulcanite  catheter,  containing 
a  long  wire,  the  extremity  of  which  carries  a  little  ball  of 
nitrate  of  silver.  This  latter  is  withdrawn  within  the  catheter 
when  the  instrument  is  introduced,  and  is  pushed  out  when  the 
extremity  is  in  contact  with  the  parts  near  the  orifice  of  the  tube. 
Cauterisation  is  accomplished  by  moving  the  catheter  in  various 
directions,  and  the  caustic  is  to  be  withdrawn  before  removal. 

When  ozaena  exists,  the  free  use  of  an  alkaline  lotion  and  the 
application  of  antiseptic  remedies  are  necessary  parts  of  the 
treatment.  By  means  of  the  former,  masses  of  inspissated 
secretion  and  crusts  are  removed,  and  deodorants  are  required 
to  destroy  the  foetor.  Benefit  may  also  be  derived  from  the 
inhalation  through  the  nostrils  of  iodised  spray  from  a  Siegle's. 

17^ 
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apparatus,  or  of  iodine  vapour,  a  few  drops  of  Tinct.  lodi  being 
placed  in  a  suitable  inhaler  filled  with  warm  water. 

Some  authorities  strongly  recommend  Gottstein's  method  of 
treating  ozaena.  This  consists  in  the  introduction  into  the 
nostrils  of  plugs  of  wadding,  either  dry  or  moistened  with 
gh^cerine,  and  about  two  inches  in  length.  These  are  allowed 
to  remain  in  position  for  several  hours,  or  even  for  an  entire  day. 
The  wadding  absorbs  the  secretion  and  prevents  the  formation 
of  crusts,  and  the  odour  is  more  or  less  diminished.  This  plan 
is  of  course  to  be  regarded  as  only  a  palliative  measure.  It  may  be 
advantageously  combined  with  insufflations  of  powdered  boric 
acid  diluted  with  oxy chloride  of  bismuth  or  of  aristol.  The 
plugs  of  wadding  are  changed  twice  or  three  times  a  da}^,  and 
the  remedies  are  blown  into  the  nostrils  before  the  wadding  is 
replaced.  The  application  of  the  electro-cautery  is  at  times 
beneficial. 

For  syphilitic  ozsena  special  treatment  will,  of  course,  be 
required,  and  the  calomel  fumigator  (Fig.  80)  directed  to  the 
nasal  cavities  will  be  the  most  suitable  method.  The  action  of 
the  mercury  must  be  carefully  watched,  especially  in  cases  in 
which  there  are  signs  of  osseous  lesions.  Under  such  circum- 
stances, iron  and  cod-liver  oil  will  probably  be  indicated. 

Hypertrophy  of  the  Posterior  Extremity  of  the 
Inferior  Turbinated  Body. — The  posterior  extremity  of  the 
inferior  turbinated  body  is  sometimes  considerably  hypertrophied. 
There  is  no  distinct  pedunculated  tumour,  and  the  gro^^i}h 
appears  to  be  due  to  hj^erplasia  of  connective  tissue,  infiltration 
with  lymphoid  cells,  and  formation  of  new  vessels.  It  more  or 
less  resembles  a  raspberry  in  appearance,  and  may  attain  a  con- 
siderable size,  filling  up  the  choana  and  reaching  the  pharyngeal 
orifice  of  the  Eustachian  tube. 

This  enlargement  is  best  removed  by  means  of  a  wire  snare, 
which  can  be  worked  with  one  hand,  and  as  the  region  is  sensitive 
an  anaesthetic  is  desirable.  Nitrous  oxide  gas  with  the  addition 
•of  a  little  ether  is  the  most  suitable,  but  cocaine  may  be  employed. 
The  drawback  to  the  use  of  the  latter  is  the  contraction  it  produces 
of  the  tissues  with  which  it  is  brought  in  contact.  The  posterior 
surface  of  the  soft  palate  should  be  anaesthetised  as  well  as  the 
nostril.  The  instrument  which  I  use  for  these  cases  is  my  modifi- 
cation of  Sir  Morell  Mackenzie's  nasal  snare  (see  Fig.  83.  p.  260). 
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The  operation  should  be  performed  as  follows  : — A  wire  loop  placed 
vertically  should  be  passed  through  the  nostril,  and  the  forefinger 
of  the  left  hand  then  introduced  into  the  naso-pharynx.  The  loop 
should  then  be  pressed  outwards  as  far  as  possible  by  this  finger 
whilst  it  is  being  tightened,  and  the  h3^pertrophied  tissue  will  be 
felt  to  become  tense  if  it  has  been  caught  in  the  snare.  The 
loop  should  not  be  tightened  too  quickly,  as  occasionally  free 
ha?morrhage  follows  removal.  AVhen  the  extremity  of  each 
inferior  turbinated  body  is  enlarged,  both  should  be  removed  at 
the  same  operation.  It  is  desirable  to  have  two,  if  not  three, 
snares  at  hand,  so  that  time  may  not  be  lost  in  remaking  a  loop 
if  the  hypertrophied  tissue  is  not  at  once  seized.  For  a  few  dajB 
after  the  operation  it  is  well  to  spray  through  the  nostrils 
occasionally  a  solution  of  boric  acid,  five  to  ten  grains  to  the 
ounce. 

Treatment  of  Nasal  Polypus. — When  a  polypus  exists 

in  conjunction  with  catarrh  or  chronic  suppurative  inflammation 
of  the  middle  ear,  it  is  especially  desirable  to  remove  it  without 
delay.  In  all  cases  cocaine  (5^10  per  cent,  solution)  should  be 
applied  either  by  means  of  a  spray-producer  or  on  absorbent 
wool ;  the  latter  method  is  convenient  when  the  polypus  is  small 
or  the  part  to  be  anaesthetised  can  be  easily  reached.  In  some 
cases  a  fifteen  or  twenty  per  cent,  solution  of  cocaine  is  preferable. 
As  soon  as  the  parts  are  insensible,  a  good  light  should  be 
reflected  into  the  nostril  and  a  loop  of  wire  sufficiently  large  to 
pass  easily  over  the  polypus  to  be  removed,  should  be  introduced 
by  means  of  a  snare  (Fig.  83),  and  worked  gently  backwards  and 
forwards,  whilst  it  is  being  raised  to  the  attachment  of  the  pedicle 
to  the  part  from  which  it  is  growing.  The  loop  should  then  be 
carefully  contracted  until  it  closely  embraces  the  pedicle  at  its 
origin,  when  it  should  be  further  tightened  until  the  pedicle  is 
severed.  When  more  than  one  polypus  exists,  each  must  be 
removed  separately  as  above  described.  It  often  happens,  after  a 
nostril  has  apparently  been  cleared,  that  in  the  course  of  a  day  or 
so  other  polypi  make  their  appearance.  These  probably  have  been 
wedged  by  the  polypus  which  has  been  removed  into  a  position  in 
which  they  could  not  be  seen,  and  on  its  pressure  being  taken 
away,  they  have  gravitated  info  the  region  which  it  occupied. 
When  a  polypus  is  attached  far  back  in  the  nostril,  it  is  some- 
times necessary  to  insert  the  left  forefinger  into  the  naso-pharj^nx 
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and  push  the  polypus  through  the  loop  of  the  snare.  During 
this  manipulation,  the  finger  should  be  protected  with  the  india- 
rubber  guard  (Fig.  42.  page  104). 

After  a  polypus  has  been  removed,  its  base  should  be  anaes- 
thetised with  cocaine,  and  then  destroyed  with  the  electro-cauterj- 
to  prevent  its  recurrence.  As  a  rule,  the  bleeding  which  is 
caused  by  the  operation  obscures  more  or  less  a  view  of  the  parts. 


Fig.  83. 

The  Authors  Modification-  of  Sir  Morell  Mackenzie's  Nasal  Sxare. 

The  modilicatiou  consists  of  the  following  additions  :— The  flange  A,  to  prevent  the  wire  getting 
twisted  round  the  axle.  The  shoulder  B  to  the  pawl  C,  to  prevent  the  latter  being  forced 
off  the  ratchet.  The  cross-liar  D  attached  directly  to  the  axle  to  give  increased  cutting 
power  wheij  required.  The  screw  E  to  fix  the  revolving  barrel  F  in  the  necessary  position. 
The  adoption  of  the  movable  end  G  fitted  at  its  extremity  with  a  pin  which  separates  the 
two  sides  of  the  loop  of  wire.  When  the  end  G  is  drawn  off  the  barrel  F  the  wire  is  unwound 
from  the  axle  and  the  loop  reformed,  thus  saving  the  time  spent  in  fitting  another  wire. 

and  therefore  the  cauterisation  is  best  done  after  an  interval  of  a 
few  days  has  elapsed,  to  allow  the  subsidence  of  any  swelling  of 
the  tissues  which  may  have  resulted  from  the  irritation  of  the 
operation. 

Small  mucous  polypi  not  infrequently  disappear  under  the 
steady  use  of  a  saturated  solution  of  chromic  acid  ;  finely 
powdered  tannin  applied  daily  for  a  few  weeks  by  an  insufflator 
is  sometimes  employed  for  the  same  purpose.  Both  these 
methods,  however,  are  less  certain  and  slower  in  their  action 
than  the  use  of  the  electro-cauterv. 
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It  is  a  matter  of  regret  that  some  surgeons — presumably- 
ardent  admirers  of  one  or  more  of  the  surgical  celebrities  who 
have  long  since  passed  away — still  adhere  to  their  primitive  and 
violent  method  of  tearing  polypi  from  the  nostrils  with  forceps. 
In  olden  times,  this  painful  procedure  was  unhappily  justifiable 
because  the  frontal  mirror  was  unknown,  and  consequently  the 
treatment  of  intra-nasal  affections  by  the  aid  of  reflected  light 
could  not  be  practised.  At  the  present  day,  however,  a  surgeon's 
neglect  to  make  himself  efficient  with  this  instrument  is  no 
excuse  for  a  method  of  operation  which  not  only  causes  un- 
necessary pain,  but  which,  in  many  cases,  is  less  efficacious  than 
the  removal  of  the  polypus  by  the  snare,  and  subsequent  destruc- 
tion of  its  attachment  with  the  electro-cautery.  Moreover,  the 
forceps  never  obtains  a  result  which  the  employment  of  the 
humane  and  painless  method  advocated  would  not  have  achieved. 
Still  more  unpardonable  is  the  performance  of  an  operation  ^^'hich 
reflects  the  cartilaginous  portion  of  the  nostril,  in  order  to  obtain 
;'  a  better  view  of  the  growth  and  facilitate  the  removal  of  a 
polypus  with  forceps  because  it  has  recurred  after  a  portion  of  it 
had  been  evulsed  with  that  instrument.  In  such  a  case  it  might 
have  been  foretold  before  the  first  operation  was  performed,  that 
recurrence  would  take  place  unless  only  one  polypus  existed 
attached  by  a  narrow  pedicle,  and  the  operator  happened  to  seize 
it  near  its  origin. 

Not  only  does  the  attempted  removal  of  a  polypus  with 
forceps  cause  unnecessary  pain,  but  the  result  is  far  less  certain 
than  that  obtained  by  the  use  of  a  snare  and  subsequent 
destruction  of  the  attachment  of  the  gro^\th  ^^'ith  the  electro- 
cautery. Furthermore,  by  the  former  method  health}^  tissues 
and  structures  are  frequently  not  only  injured  but  even  torn 
away. 

Treatment  of  Enlarged  Tonsils. — It  has  been  previously 

mentioned  that  enlargement  of  the  tonsils  and  granular  pha- 
ryngitis are  frequently  found  in  patients  who  are  suffering 
from  middle-ear  catarrh ;  and  although  these  affections  cannot 
be  regarded  as  direct  causes  of  this  complaint,  their  treatment 
must  not  be  neglected,  as  the  presence  of  the  former  tends  to 
keep  up  the  conditions  which  immediately  produce  it,  and  the 
latter,  if  it  does  not  always  have  this  effect,  is  nevertheless 
attended  by  changes  which  produce  this  result.     For  the  removal 
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of  tonsils.  I  consider  Morel  1  ^Mackenzie's  modification  of  Phvsick's 
tonsillotome.  Fig.  85,  the  most  suitable  instrument.  It  is  usually 
sold  in  a  set  of  three  sizes,  but  as  it  is  important  that  the  tonsil, 

to  ensure  its  complete  removal,  should 
be  closely  embraced  by  the  ring.  I 
use  a  set  of  five  sizes,  the  diameters 
of  which  are  sho^^'n  at  Fig.  84.  AMien 
operating.  I  always  hold  the  tonsil- 
lotome in  my  right  hand,  and  therefore 
have  a  pair  of  each  size,  because  it  is 
better  for  the  blade  to  be  held  towards 
the  mesial  line,  so  that  the  flat  and 
5      immovable  portion  of  the  instrument 

1  may  be  in  contact  ^vith  the  pillai^s  of 

2  the  fauces.  Fig.  85  represents  a  ton- 
I  sillotome  for  the  removal  of  the  risrht 
\  tonsil,  and  the  dotted  handle  as  attached 
t     to   the  instrument   represents   a   ton- 

.  T.  sillotome  for  the  left  tonsil,  but  placed 
'  I  upside  do^vn.  The  fork  which  is 
-  <  attached  to  some  forms  of  tonsillo- 
=  tome  is  unnecessary,  and.  moreover, 
z  is  liable  to  cause  injuiy  to  the  soft- 
i  palate  or  other  parts,  if  the  patient 
I  resists  the  introduction  of  the  instru- 
I      ment. 

^  It  is  inexpedient  to  remove  tonsils 

"      whilst  they  are  inflamed,  and  after  an 
attack  of  tonsillitis,  it  is  advisable  to 
wait   until   they   have    resumed   their 
normal  condition  before  the  operation 
is    undertaken :     in   some   cases   it    is 
desirable  for  an  astringent  to  be  ap- 
plied  daily  for   a   week   or  ten    days 
before  they  are  excised.     In  cases  of 
syphiHs.    it    is    best    to   postpone   the 
removal  of  tonsils   until  the   mucous 
patches    have    disappeared  from   the  mouth  and    fauces,    unless 
there  are  circumstances  which  require  the  tonsils  to  be  excised 
without    delav.      In   the    latter    case,    too    much    care    cannot 
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be  exercised  in  thoroughly    disinfecting 
Mse. 


the    instruments    after 


I  am  strongly  of  opinion  that  a  general  anaesthetic  should  not 
be  administered  for  this  operation,  as  I  consider  it  is  not  only 
unnecessar^'  but  entails  needless  complications,  and  also  introduces 
a  possible  source  of  danger.  When  properly  performed,  the 
removal  of  tonsils  is  almost  painless,  provided  the  guillotines 
are  in  good  condition.     In  the  case  of  adults  and  some  children. 


I 


Fig.  8o. 

MoKELL  Mackenzie's  Modificatiox  of  Physick's  Tonsillotome. 


the  fauces  may  be  sprayed  with  a  2 — 5  per  cent,  solution  of 
cocaine  a  few  minutes  before  the  operation  is  begun,  but  in  young 
and  nervous  children  this  drug  is  best  dispensed  with,  as  its 
application  and  the  peculiar  sensation  it  produces  cause  as  much 
alarm  as  the  operation  itself.  Although  I  consider  the  use  of 
a  general  anagsthetic  for  the  removal  of  tonsils  unnecessary,  I  am 
satisfied  that  it  is  essential  for  the  thorough  removal  of  post-nasal 
growths. 

For  the  operation,  the  patient  should  be  seated  either  with 
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his  back  to  the  window,  or  by  the  side  of  a  powerful  lamp,  and 
it  is  desirable  to  protect  the  front  of  his  clothes  hj  pinning  a 
towel  round  his  neck.  The  surgeon  will  do  well  to  adopt  a 
similar  precaution,  especially  in  the  case  of  a  child.  One  assistant, 
standing  behind  the  patient,  should  support  his  head  by  allowing 
it  to  rest  against  his  chest,  whilst  he  steadies  it  laterall}^  by 
placing  a  hand  on  each  side,  and  he  should  put  the  second  linger  over 
the  region  of  the  tonsil  in  readiness  to  make  pressure  with  it 
whilst  the  tonsil  is  being  removed.  In  the  case  of  a  child, 
another  assistant  should  sit  by  the  side  of  the  patient,  and  hold 
both  his  hands,  to  prevent  him  from  dragging  the  tonsillotome 
from  his  mouth  during  the  operation.  The  surgeon,  wearing 
a  frontal  mirror  to  reflect  the  light  into  the  fauces,  should  seat 


Fig.  86. 

Katwal  size. 
The  Left  Tonsil  Kemoved  from  a  Man,  Aged  21  Years. 

himself  in  front  of  the  patient,  taking  care  to  draw  his  chair 
against  the  patient's  legs  in  order  to  prevent  him  kicking.  As 
soon  as  the  tonsil  to  be  excised  has  been  well  illuminated,  the 
tonsillotome  should  be  slipped  over  it ;  care  being  taken  not  to 
include  the  tip  of  the  uvula,  and  to  carry  the  stem  of  the  instrument 
as  far  as  possible  from  the  mesial  line  (see  Fig.  87),  before  the 
blade  is  driven  home  by  the  thumb  of  the  hand  which  is  holding 
the  tonsillotome.  The  object  of  thus  carr^ang  the  stem  of  the 
instrument  away  from  the  mesial  line  is  to  ensure  the  removal 
of  the  whole  of  the  anterior  surface  of  the  tonsil,  the  external 
portion  of  which  is  often  left  uncut  when  this  procedure  is 
omitted,  on  account  of  the  outer  portions  of  this  surface  of  the 
tonsil  lying  on  a  plane  external  to  the  corresponding  portion  of 
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the  posterior  surface.  Fig.  86  shows  an  enlarged  tonsil  removed 
from  a  man  aged  twenty-one  years,  and  well  illustrates  the  con- 
dition usually  present,  viz.,  that  only  a  portion  of  the  external 
surface  of  an  enlarged  tonsil  is   attached  to  the  fauces. 

It  has  been  previously  mentioned  that  in  order  to  ensure  the 
■complete  removal  of  the  projecting  portion  of  a  tonsil,  it  should 
be  closely  embraced  by  the  rings  of  the  tonsillotome.  This 
•cannot  be  done  in  the  case  of  a  large  tonsil,  unless  its  attachment 
{as  shown  in  Fig.  86)  is  borne  in  mind.  Fig.  87  shows  dia- 
grammatically  the  positions  in  which  the  tonsillotome  should  be 
placed  for  the  operation  : — 1.  The  ring  below  the  tonsil,  2.  The 
tonsillotome  raised  until  its  outer  border  comes  in  contact  with 
the  lower  edge  of  the  attachment.  3.  The  tonsillotome  in  position 
for  excision.  The  dotted  line  between  2  and  3  shows  the  course 
taken  by  the  vipper  border  of  the  tonsillotome  between  the  second 


Fig.  87. 
Diagram  showing  the  Method  of  Applying  a  Tonsillotomf. 


and  third  positions,  the  lower  border  of  the  instruments  at  the 
time  being  pivoted  at  a.  In  the  actual  application  of  a  tonsillo- 
tome it  need  not  be  placed  in  the  positions  sho^^'n  in  the  diagram, 
as  it  is  only  necessary  to  turn  the  lower  border  of  the  instrument 
sufficiently  out^^'ards  to  enable  the  pendent  portion  of  the  tonsil 
to  pass  through  the  ring. 

It  sometimes  happens,  when  the  blade  of  the  tonsillotome 
has  been  driven  home,  that  the  tonsil  is  still  held  to  the  fauces 
by  an  undivided  piece  of  mucous  membrane.  When  this  occurs, 
the  blade  should  be  kept  firmly  pressed  against  the  further  side 
of  the  ring,  and  the  tonsil  dragged  off  by  the  index  finger  of  the 
hand  which  is  not  holding  the  tonsillotome.  It  is  a  mistake, 
when  this  happens,  to  withdraw  the  blade  and  remove  the  ton- 
sillotome from  the  mouth,  because  the  tonsil  is  then  left  hanp-inp\ 
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and  must  be  removed  with  scissors — a  procedure  often  difficult 
in  the  case  of  a  child. 

AMien  a  patient  will  not  open  his  mouth,  no  attempt  should 
be  made  to  force  the  jaws  apart  by  twisting  the  tonsillotome,  as 
the  teeth  are  liable  to  be  broken  or  loosened  by  this  method ; 
but  the  tonsillotome  should  be  held  horizontally,  and  slipped  as 
far  back  as  possible  into  the  phar^^nx.  This  causes  the  patient 
to  retch,  and  in  so  doing  he  opens  his  mouth  widely ;  the  tonsil- 
lotome should  then  be  quickly  slipped  into  position,  and  the 
operation  performed. 

In  most  cases  merely  rinsing  the  mouth  with  cold  water  is 
sufficient  to  check  any  bleeding  which  may  follow  the  operation ; 
but  sometimes  other  measures,  such  as  cold  or  the  application  of 
astringents,  are  required.  Ice  held  in  the  mouth  is  often  all  that 
is  necessary,  and  it  is  preferable  to  an  astringent,  as  it  interferes 
less  with  the  healing  processes.  When,  however,  it  is  not  suffi- 
cient to  stop  the  bleeding,  astringents  should  be  used.  The 
following  gargle  of  tannic  and  gallic  acids  in  the  Throat  Hospital 
Pharmacopoeia  is  very  useful  in  such  cases  : — 

^  Tannic  acid,  ovj. 
Gallic  acid,  3ij- 
Water,  §j. 

Rub  the  acids  to  a  fine  powder,  and  mix  with  the  water. 

Directions. — The  patient  should  be  directed  to  sip  the  mixture 
slowly,  or  hold  it  passively  in  the  mouth  till  the  haemorrhage  is 
stopped. 

When  the  bleeding  is  coming  from  a  small  artery,  the  vessel 
should  be  squeezed  with  a  pair  of  torsion  forceps.  It  occasionally 
happens  that  severe  haemorrhage  follows  the  operation,  and  the 
common  carotid  artery  has  been  tied,  in  order  to  arrest  it.  in  more 
than  one  case.  From  the  experience  which  I  have  gained  of 
these  cases  during  the  last  eighteen  years,  I  am  led  to  believe  that 
this  operation  is  unnecessary,  unless  a  large  vessel  has  been 
wounded,  if  the  measure  is  adopted  which  I  am  about  to 
describe. 

1  have  successfully  used  it  when  cold,  pressure,  and  astrin- 
gents, including  iron,  applied  in  the  ordinary'  ^^'^y,  were  useless 
to  check  the  bleeding ;  and  although  I  have  had  to  deal  with  some 
severe  cases,  I  have  never  known  it  to  fail. 
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To  Arrest  Severe  Haemorrhage,  mix  together  tannic  acid, 
3  parts  ;  gallic   acid,   1  part ;  and  add  a  few  drops  of  water. 

Then  knead  the  powder  until  it  is  a  hard  mass,  and  from  it 
take  a  piece  sufficient  to  form  a  ball  the  size  of  a  small  marble. 
Place  this  on  the  forefinger  of  the  hand,  corresponding  to  the  side 
of  the  patient  from  which  the  haemorrhage  is  occurring,  and  by 
this  means  introduce  it  into  the  patient's  mouth,  and  rub  it  firmly 
against  the  bleeding  surface,  making  counter  pressure  with  the 
palm  of  the  other  hand,  placed  on  the  side  of  the  head  over  the 
region  of  the  tonsil. 

Note. — It  will  be  found,  on  continuing  to  knead  the  powder,, 
that  it  requires  less  water  than  at  first  appeared  necessary  to 
make  it  into  a  mass,  and  it  is  important  to  bear  this  in  mind,, 
because  unless  only  a  few  drops  of  water  are  added  the  mass  will 
be  too  soft  to  be  of  use,  as  the  saliva  or  blood  quickly  moistens  it 
when  introduced  into  the  mouth. 

It  is  advisable  for  the  patient  to  suck  ice  for  several  hours, 
after  tonsillotomy,  as  it  lessens  the  pain,  and  checks  any  tendenc}' 
which  may  exist  for  the  neighbouring  tissues  to  become  inflamed. 
The  marshmallow  lozenges  of  the  Throat  Hospital  Pharmacopoeia 
are  useful  in  the  case  of  children,  and  for  adults  the  bismuth  and 
morphia  pastilles  of  the  same  Pharmacopoeia  are  often  of  service. 
In  spite  of  the  patient's  sucking  ice,  oedema  of  the  soft  palate  and 
uvula  sometimes  ensues,  and  I  have  known  acute  suppurative- 
inflammation  of  the  middle  ear  to  follow  the  excision  of  the  tonsil 
on  the  same  side,  in  the  absence  of  any  apparent  cause  for  this. 
severe  inflammation  following  the  operation.  When  oedema  occurs, 
the  application  of  ice  should  be  continued,  and  considerable  relief 
will  be  afforded,  and  the  duration  of  the  attack  lessened,  if  the 
swollen  tissues  around  the  uvula  be  scarified.  For  this  purpose  I 
use  the  instrument  shown  at  Fig.  88,  which  I  had  made  by 
Messrs.  Mayer  &  Meltzer,  to  fit  into  my  pocket  case.  Each  of 
the  ends  A  has  a  T-shaped  piece  (a  and  a')  projecting  from  their 
inner  surface,  which  pass  through  the  apertures  (c  and  c)  in  the 
blades  of  an  ordinary  pair  of  dissecting  forceps  B.  As  will  be 
seen  in  the  figures,  the  top  of  the  T  in  A  and  C  is  at  a  right 
angle  to  the  blade  of  the  instrument,  which  must  therefore  be 
placed  at  a  right  angle  to  the  forceps  in  order  to  allow  the  T-piece 
to  pass  through  the  aperture  c.  On  twisting  the  blade  A  to 
its  position  shown   in   C,  the  pin  (h)  slips  into  the  hole  (d),  and 
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holda  the  blade  securely  in  position.  The  total  length  of  the 
instrument,  as  shown  at  C,  is  eight  inches.  With  this  instru- 
ment the  uvula  is  easily  scarified,  as  it  is  pierced  on  each  side 
simultaneoush'  by  the  points.  The  previous  application  of  a 
solution  of  cocaine  makes  the  procedure  painless.  A  good  deal 
of  pain  in  the  fauces  is  sometimes  experienced  during  the  act  of 
s\\allowing  for  a  day  or  so  after  the  tonsils  have  been  removed, 
and  in  the  case  of  delicate  children  it  may  be  advisable  to  adopt 
some  measure  for  its  relief. 


Fig.  88. 
The  Author's  Uvula  Scarifier. 


The  following  simple  Method  for  Relieving  Odynphagia 

deserves  to  be  better  known,  as  it  is  applicable  to  all  cases 
^^•hether  the  cause  be  malignant  disease,  scarlet  fever,  diphtheria, 
tonsillitis,  or  any  other  affection.  It  is  performed  as  follows:  — 
A  person  standing  behind  the  patient,  who  should  be  seated 
on  a  chair  or  in  bed,  places  the  palm  of  each  hand,  with  the 
finrfers  pointed  directly  upn-ards,  over  the  ear  on  the  corresponding 
side,  and  then  makes  firm  pressure  towards  the  mesial  line. 
The  greater  the  pressure  the  greater  will  be  the  relief  from 
the  pain  during  swallowing. 

Granular  Pharyngitis*  is  often  found  associated  with 
catarrh  of  the  middle  ear,  and  when  the  side  of  the  pharynx 
behind  the  posterior  pillars  is  involved,  it  is  especially  prone  to 

*  For  further  details  see  a  paper  by  the  Author,  Medical  Press  and  Circular, 
October  19,  1892,  p.  391. 
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keep  up  the  ear-mischief  in  the  corresponding  ear.  AVhen  the 
pharynx  is  much  congested,  it  is  well  to  direct  treatment  to  the 
catarrh  of  that  region  which  probably  coexists,  and  defer  the 
application  of  the  electro-cautery  until  the  parts  have  assumed  a 
more  healthy  appearance. 

In  slight  cases,  the  application  of  a  weak  alkaline  lotion  to 
the  naso-pharynx  by  spraying  or  sniffing  it  through  the  nostrils 
may  be  a  sufficient  local  measure  to  effect  a  cure  ;  but  when  the 
aifection  has  existed  for  some  time,  or  is  well  marked,  it  is  best  at 
once  to  destroy  the  hypertrophied  tissue  by  means  of  the  electro- 
cautery. In  the  treatment  of  this  disease,  attention  must  not  be 
confined  to  the  pharynx,  as  the  condition  of  the  general  health  is 
an  important  factor  in  its  causation.  Although  many  cases  are 
the  result  of  an  improper  use  of  the  voice,  there  are  numerous 
instances  in  which  the  affection  is  due  to  totally  different  causes. 
Amongst  these  may  be  mentioned  residence  in  a  damp  climate, 
dyspepsia,  and  hepatic  derangement,  chronic  constipation,  or  any 
condition  which  tends  to  lono--continued  cono-estion  of  the 
pharynx.  Amongst  the  cases  due  to  an  improper  use  of  the 
voice,  there  are  many  in  which  the  general  disorder  intensifies 
the  local  trouble.  When  the  disease  is  established,  it  is  very 
difficult  to  cure  if  the  general  health  is  also  impaired ;  and  in 
these  cases  local  treatment,  even  by  the  cautery,  frequently  gives 
but  temporary  relief  Some  of  the  worst  instances  of  this 
affection  which  I  have  seen  have  occurred  in  women  who  were 
sufferino-  from  an  uterine  derano-ement. 

In  cases  of  chronic  middle-ear  catarrh,  associated  with  granular 
pharyngitis,  the  increase  in  the  symptoms  during  damp  weather 
is  probably  partly  consequent  on  the  aggravated  condition  of 
the  granular  pharyngitis  which  has  resulted  from  the  climatic 
condition. 

A  10 — 20  per  cent,  solution  of  cocaine  should  be  applied  to 
the  granules  which  are  to  be  touched  with  the  cautery,  and  for 
the  former  purpose  I  prefer  to  use  a  brush  or  piece  of  absorbent 
wool  on  a  probe,  rather  than  a  spray-producer,  because  hy  the 
former  methods  less  cocaine  is  swallowed,  and  therefore  there  is 
not  so  much  liability  to  the  unpleasant  sensations  produced  by 
this  druo-. 

o 

Congestion  of  the  pharynx  is  sometimes  partly  the  result 
of  the  irritation  produced  by  an  elongated  uvula,  and  when  this  is 
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the  case  the  superfluous  mucous  membrane  should  be  removed. 
This  operation  is  best  performed  by  seizing  the  tip  of  the 
redundant  portion  of  mucous  membrane  with  a  long  pair  of 
mouse-toothed  forceps  after  the  part  has  been  anaesthetised  with 
cocaine,  and  removing  it  with  suitable  scissors  (Fig.  89).  The 
incision  should  be  made  to  pass  obliquely  from  side  to  side 
immediately  below  the  azygos  uvulae  muscle,  and  to  terminate 
-about  an  eighth  of  an  inch  above  that  point. 

Morbid  Growths  of  various  kinds  are  found  in  the  naso- 
pharjmx,  and  maybe  divided  into  two  principal  classes,  (a)  innocent 
.and  (h)  malignant.  To  the  former  class  belong  (1)  fibromata. 
(2)  enchondromata.  and  (3)  mucous  poh^i,  springing  from 
various  parts  of  the  posterior  nares.  The  poh^poid  degeneration 
of  the  inferior  turbinated  body  previously  mentioned  (page  258) 


Fig.  89. 
Nuxx's  Uvula  Scissors. 

may  also  be  again  referred  to  as  projecting  into  this  region. 
Malignant  growths  (carcinoma  and  sarcoma)  less  frequently  affect 
the  naso-pharynx. 

All  these  gro^^i:hs  are  liable  to  occlude  the  mouths  of  the 
Eustachian  tubes  and  to  cause  more  or  less  deafness.  The  fibrous 
growths  spring  from  the  periosteum  and  rapidly  increase  in  size. 
Enchondromata  are  very  rare.  Mucous  polypi  are  frequently 
found  in  the  naso-pharynx.  but  usually  in  connection  with  similar 
groAvths  in  the  nostril.  Their  place  of  origin  varies ;  some- 
times tliey  spring  from  the  middle  or  inferior  turbinate  and 
extend  backwards  and  downwards.  In  other  cases  they  are 
attached  to  the  lateral  wall,  between  the  pharyngeal  orifice  of 
the  Eustachian  tube  and  the  extremity  of  the  inferior  turbinate. 
In  a  third  class  of  cases,  they  are  attached  to  the  margin  of  the 
choan^e. 

The  Treatment  of  growths    in    the  naso-pharynx,  other   than 
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adenoid  growths,  requires  only  a  brief  description  in  this  work. 
Fibrous  growths,  on  account  of  their  size  and  prolongations,  and 
the  adhesions  they  are  apt  to  form,  may  present  man}'  difficulties 
to  the  operator.  For  the  procedure  necessary  for  their  removal, 
a  work  on  general  surgery  must  be  consulted.  Mucous  polypi 
can  generally  be  removed  through  the  nostrils  by  means  of  a 
wire  snare,  if  the  loop  is  guided  by  the  forefinger  of  the  left 
hand  when  introduced  into  the  naso-phar^^nx.  It  is  well  to  A^'ear 
an  india-rubber  finger-guard  whilst  this  is  being  done,  to  prevent 
injury  from  the  teeth.  In  the  case  of  large  polypi  attached  by 
broad  bases,  it  is  advisable  to  cauterise  the  surface  freely  and 
deeply,  so  as  gradually  to  destroy  the  tissues,  if  the  growth 
cannot  be  removed  with  a  snare.  A  solution  of  cocaine  should 
be  applied  some  minutes  before  the  cautery  is  used,  and  five  or 
six  days,  or  more,  should  be  allowed  to  elapse  between  each 
operation.  After  removal  of  a  polypus,  it  is  generally  necessary  to 
destroy  with  the  electro-cautery  the  remains  of  the  base,  from 
which  otherwise  new  growth  may  become  developed.  Chromic 
acid  or  nitrate  of  silver  may  be  used  instead  of  the  cauterjr  in 
some  cases. 

It  remains  to  add  a  few  words  on  the  third  indication,  viz., 
to  restore  the  functions  of  the  muscles  of  the  Eustachian  tubes. 
This  effect  is  in  some  measure  achieved  by  all  remedies  which 
improve  the  condition  of  the  mucous  membrane  of  the  naso- 
pharynx. 

Gargling  the  Throat,  performed  in  the  manner  suggested  by 
V.  Troltsch,*  is  an  efficacious  method  of  cleansing  the  naso- 
pharynx and  of  exercising  and  strengthening  the  muscles  of  the 
tubes.  It  is  performed  as  follows  : — The  patient  having  taken  a 
mouthful  of  the  fluid,  allows  it  to  pass  into  the  lower  part  of  the 
naso-pharynx,  and  throws  his  head  well  back.  The  muscles  of 
the  palate  and  throat  are  then  caused  to  contract,  so  that  the 
fluid  is  forced  upwards,  and  the  motion  of  swallowing  is  then 
performed,  but  the  fluid  is  not  allowed  to  pass  downwards. 
With  a  little  practice,  the  same  mouthful  of  water  can  be  moved 
upwards  and  down^\•a^ds  before  it  is  finally  expelled  from  the 
mouth.  A  few  tea-spoonfuls  of  brandy  or  a  little  borax  may  be 
added  to  the  water.  In  order  to  show  that  this  process  causes 
the  fluid  to  wash  the  pharynx,  Dr.  Eoosa  has  suggested  the 
*  Lehrhnch  der  OhrcnlicWinndc,  Anfl.  6,  S,  372. 


272  DISEASES  OF  THE  NOSE,   PHARYNX.   ETC. 

fbllowino-  simple  experiment : — Let  the  posterior  wall  of  the 
pharynx  be  painted  with  tincture  of  iodine,  and  then  a  gargle  of 
starch-water  be  used  in  the  manner  described  ;  the  characteristic 
reaction  will  be  found  in  the  ejected  fluid.  The  process  causes 
forcible  contraction  of  the  muscles  of  the  tubes ;  the  glandular 
structures  are  compressed,  and  the  muscles  themselves  are 
stimulated  and  strengthened. 

Electricity  is  sometimes  useful  in  these  cases,  and  either  the 
galvanic  or  the  induced  current  may  be  employed.  One  electrode 
is  passed  either  through  the  nose  or  into  the  mouth,  and  applied 
to  the  pharynx,  while  the  other  is  placed  on  the  side  of  the  neck 
or  in  the  meatus.  (See  last  paragraph  in  chapter  on  Electricity 
in  the  Treatment  of  Diseases  of  the  Ear.)  In  order  to  act 
directly  upon  the  muscles  of  the  tube,  a  suitable  electrode  ma}' 
be  passed  into  the  orifice  through  the  Eustachian  catheter. 

Adenoid  Growths  in  the  naso-pharynx  play  a  very  im- 
portant part  in  the  causation  of  diseases  of  the  middle  ear.  and 
will  therefore  be  described  somewhat  minutely.  These  growths 
generally  spring  from  the  pharj'ngeal  tonsil,  and  are  due  to 
hyperplasia  of  its  tissue.  Owing  to  the  nature  of  their  structure, 
the  term  "  adenoid  "  was  applied  to  them  by  Dr.  W.  Meyer,  of 
Copenhagen. 

The  pharyngeal  tonsil  was  described  by  Kolliker  in  1859,  and 
he  also  discovered  masses  of  glandular  tissue  around  the  openings 
of  the  Eustachian  tubes,  near  the  posterior  nares  and  on  the 
posterior  part  of  the  soft  palate.  Luschka  states  that  the 
pharyngeal  tonsil  occupies  the  roof  of  the  pharynx,  extends 
thence  to  the  posterior  wall,  forms  the  base  of  Rosenmiiller's 
fossae,  and  coats  the  surface  of  the  swellings  caused  b}^  the 
projecting  mouths  of  the  Eustachian  tubes.  Its  normal  maximum 
thickness  is  7mm.  It  contains  man}'  roundish  follicles  and 
racemose  glands ;  its  structure  is  the  same  with  that  of  the 
tonsils.  In  1860  Czermak  observed  two  small  growths  on  the 
left  side  of  the  upper  part  of  the  naso-pharynx.  In  1864  Sir 
Andrew  Clark  published  a  paper  on  naso-palatine  gland  disease, 
in  the  London  Hospital  Reports,  and  observed  that  foetid  chees}' 
masses  were  sometimes  contained  in  the  cavities  of  these  glands. 
A  year  later,  Lowenberg  described  three  cases  of  deafness  with 
vegetations  in  the  naso-pharynx.  Voltolini  also  reported  the  case 
of  a  man,  aged  fort}^,  under  his  care  during  two  years  for  deafness. 
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He  discovered  stalactite-like  growths  projecting  into  the  free 
cavity  of  the  naso-pharynx.  In  1868,  Dr.  Wilhelm  Meyer,  of 
Copenhagen,  gave  a  full  account  of  adenoid  growths  in  the 
Medico-Chirurgical  Trcmsadions,  vol.  liii.  He  described  the 
symptoms  and  progress  of  the  affection,  the  microscopic  character 
of  the  growths  and  a  mode  of  surgical  treatment.  He  had  then 
examined  2,000  children  in  national  schools,  and  had  discovered 
the  affection  in  one  per  cent,  of  this  number.  In  a  London 
school  containing  700  children,  13.  or  1'8  per  cent,  were  found 
by  Dr.  Meyer*  to  exhibit  the  "  dead  pronunciation."  Digital 
examination  proved  that  this  was  based  throughout  upon  adenoid 
growths  in  the  naso-pharynx.  The  close  causal  connection  of 
ear-affections  with  these  growths  was  likewise  clearly  ascertained 
by  Dr.  Meyer;  he  found  130  cases  of  ear-disease  among  175 
patients  suffering  from  adenoid  growths.  A  few  years  ago.  Dr. 
Gustav  Justi  published  an  essay  on  this  subject;  it  forms  No.  125 
of  Professor  Volkmann's  "  Sammlung." 

Anatomically,  the  growths  consist  of  adenoid  tissue.  They  vary 
in  form  and  consistence ;  sometimes  being  solid  and  firm — some- 
times soft,  highty  vascular,  and  prone  to  bleed.  They  may  be 
either  almost  uniformly  distributed  over  the  roof  and  posterior  wall 
of  the  naso-pharynx,  or  collected  so  as  to  form  several  conical  or 
comb-shaped  projections.  Dr.  Meyer  described  them  in  one  case  "  as 
giving  the  finger  the  sensation  of  soft  masses,  which,  yielding  to  pres- 
sure, felt  very  much  like  a  bunch  of  earth-worms,  and,  hanging  down 
from  the  roof  of  the  pharynx,  completely  closed  up  the  posterior 
nares."  On  close  examination,  the  surface  of  the  growths  is  seen 
to  be  split  in  different  directions,  and  dotted  over  with  sieve-like 
lacunas,  which  are  formed  by  the  openings  of  the  excretor^^  ducts 
of  the  mucous  and  follicular  glands.  The  mucous  membrane 
covering  them  varies  in  thickness ;  the  epithelium  is  usually 
ciliated.  Great  vascularity  is  a  characteristic  of  most  of  these 
growths ;  in  some  cases,  the  bulk  of  the  tumour  is  made  up  of 
connective  tissue.  Microscopic  examination  reveals  networks  of 
delicate  connective  tissue,  which  in  part  contain  lymphoid 
corpuscles,  and  in  places  are  surrounded  by  them. 

Etiology. — Adenoid  growths  are  more  common  in  young  sub- 
jects than  among  adults.     The  great  abundance  of  lymph-follicles 
in  the  naso-phar^nix  of  children  explains  the  frequent  occurrence 
*  Archives  of  Otology,  vol.  xiv.  p  267 
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of  the  disease  in  early  life.  During  childhood  this  hnnphoid  tissue 
is  very  easily  excited  to  take  on  active  growth.  Similar  examples 
are  seen  in  the  tonsils  and  cervical  glands.  The  amount  of  tissue 
sufficient  to  cause  marked  s^nnptoms  in  children  might  produce 
none  in  adults.  The  excessive  development  of  the  tissue  in 
question  is  probably  often  due  to  veiy  slight  catarrh  of  the  naso- 
pharynx. It  may  be  produced  by  prolonged  congestion  of  this 
cavity,  and  hence  the  frequent  development  of  growths  after 
scarlet  fever,  measles,  and  whooping-cough.  The  absorption  of 
septic  matter  by  Luschka's  tonsil  may  account  for  the  frequent 
occurrence  of  gro^^irhs  after  the  iwo  former  diseases,  and  also  for 
their  occurrence  in  weakly  or  underfed  children,  who  pass  much 
time  in  an  overcrowded  school,  or  who  live  in  a  small  and  badly 
ventilated  room.  Sex  is  apparently  without  influence  in  the 
production  of  the  disease.  Herediti/  is  a  doubtful  factor,  it  being 
far  more  probable  that  the  children  affected  have  been  exposed  to 
similar  predisposing  conditions  to  those  to  which  their  parents 
were  subjected.  Struma  is  said  to  cause  these  gTO^Ai:hs,  but 
they  are  not  usualh^  accompanied  by  other  marked  signs  of  the 
diathesis.  The  growths  are  not  infrequently  associated  with 
deformities  of  the  throat,   such  as  cleft  palate. 

The  Symptoms  of  adenoid  growths  may  be  divided  into  two 
classes — subjective  and  objective.  The  prominent  subjective  spnp- 
toms  are  (1)  obstruction  to  nasal  respiration  :  breathing  through 
the  nose  is  either  impossible  or  very  difficult.  In  the  latter  case, 
the  mouth  can  be  kept  closed,  but  only  for  a  time,  and  it  is  more 
convenient  to  keep  it  open.  The  degree  of  obstruction  depends 
upon  the  size  and  position  of  the  growths,  also  upon  the  amount 
of  swelling  of  the  mucous  membrane  which  they  cause.  ^^Tien 
an  infant  is  suffering  from  post-nasal  growths  he  is  unable 
to  suck  for  more  than  a  short  time,  and  throws  the  teat  out  of  his 
mouth  frequently  in  order  to  breathe  more  freely.  (2)  Inability 
to  blo^^'  the  nose  properly.  The  cause  of  this  sjTuptom  is  easily 
intelligible  :  air  cannot  be  driven  ^\ith  sufficient  force  through  the 
nares,  so  as  to  expel  secretion.  (3)  The  patient  complains  of 
dryness  of  the  throat  on  waking :  this  is  due  to  breathing  through 
the  mouth,  the  moisture  of  which  is  removed  by  the  air.  (1) 
Headache,  which  is  doubtless  due  to  the  pressure  or  tension 
caused  by  the  growths  upon  the  mucous  membrane,  closely 
adherent  to  the  base  of  the  skull.     To  a  like  cause  may  be  due 
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the  feeling  complained  of  by  many  patients,  that  there  is  some- 
thing at  the  back  of  the  throat,  which  no  attempts  can  remove. 
Meyer  observed  that  this  pain  was  increased  in  some  cases  by 
digital  pressure  on  the  growths  ;  also  that  it  was  sometimes 
continuous,  sometimes  remittent,  its  locality  varying  in  different 
cases.  (5)  Spnptoms  referable  to  the  ear,  viz..  deafness,  ear-ache, 
and  tinnitus. 

A  few  years  ago  Dr.  Guye.*  of  Amsterdam,  drew  attention  to 
a  symptom  often  associated  with  disorders  of  the  nose  and  adenoid 
growths,  and  termed  by  him  (qrrosexia,  or  inability  to  fix  the 
attention  on  any  definite  more  or  less  abstract  subject.  Most  of 
the  cases  observed  by  him  occurred  among  boys  or  young  men 
at  school  or  universities.  In  order  to  explain  this  symptom,  Dr. 
Guye  points  out  that  large  lymph- vessels  leave  the  cerebral  cavity 
together  with  the  fibres  of  the  olfactory  nerve.  Structural  changes 
in  the  nasal  mucous  membrane,  and  especially  such  as  exert 
pressure  on  the  lymphatics,  will  prevent  or  hinder  the  current 
of  the  lymph,  and  cause  retention  of  the  products  of  metabolism 
in  the  cerebral  tissues.  Pressure  on  the  lymphatics  may  likewise 
be  caused  by  local  h^-perasmia,  due  to  reflex  action,  ^^'hich  may 
serve  to  account  for  paroxysmal  attacks  of  aprosexia. 

A  somewhat  large  percentage  of  disorders  of  the  middle  ear 
result  from  adenoid  growths  of  the  naso-pharynx.  The  catarrhal 
process  accompanjdng  the  growths  is  very  apt  to  extend  through 
the  tubes,  especially  when  the  growths  are  situated  upon  the 
lateral  walls,  close  to  the  pharyngeal  openings.  Both  ears  are  not 
always  equally  affected  ;  the  symptoms  raay  diminish  or  even 
disappear  for  a  time.  The  process  in  the  middle  ear  is  either 
acute  or  chronic,  and  corresponds  with  the  intensity  of  the 
symptoms.  When  the  ear-complication  occurs,  swelling  of  the 
mucous  membrane  of  the  Eustachian  tube  and  interference  with 
the  passage  of  air  to  the  tympanum  are  the  first  symptoms ;  after- 
wards the  mucous  membrane  of  the  tympanum  becomes  involved. 
The  patient  often  complains  of  auditory  hallucinations  of  all  kinds, 
such  as  ringing,  buzzing,  humming,  and  other  noises  in  the  ears ; 
sometimes  there  are  twinges  of  pain ;  range  and  sharpness  of 
auditory  perception  are  diminished. 

Objective  Symptoms. — The  patient  has  a  heavy  look,  and  appears 
dull  and  stupid  (Fig.  90.  page  276).  The  speech  is  decidedly  affected ; 
*  Brit.  Med.  Journ.,  1889,  vol.  ii.  p.  709. 
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the  sound  of  A  is  substituted  for  that  of  j^  and  (/  for  /.  In  some  cases 
the  nasal  sounds  cannot  be  pronounced,  but  h,  d.  and  /  are  uttered 
instead.  The  alteration  in  the  voice  is  due  partly  to  the  closure 
of  the  nose,  partly  to  alteration  in  the  uvula,  and  diminution  of 
the  naso-pharyngeal  space.  Czermak  was  the  first  to  show  the 
importance  of  the  uvula  in  the  formation  of  vowel-sounds.  He 
stated  that  when  these  are  uttered,  changes  take  place  in  the 
direction  of  the  velum,  and  therefore  at  the  level  at  which  it 
closes  the  pharynx  above.  When  adenoid  growths  exist,  the 
A'elum  is  often  thickened,  partly  in  consequence  of  diffuse  s^^•elling 
of  the  follicular  glands  and  partly  from  oedema.     The  weak,  dull. 


Fig.  90. 
A  Boy,  aged  14,  the  subject  of  Post-Nasal  Growths. 

monotonous  voice  is  mainly  due  to  the  impediment  to  free  move- 
ment, and  to  the  thickening  of  the  velum.  After  removal  of  the 
growths,  the  nasal  twang  may  completely  disappear,  while  the 
other  features  of  the  voice  remain — probably  as  a  result  of 
tliickening  of  the  velum.  As  a  nuitter  of  course  these  growths 
interfere  with  singing,  and  may  render  it  quite  impossible.  In 
addition  to  the  mechanical  obstruction  wliich  they  cause,  there 
is  often  paresis  of  the  palate,  due  to  the  chronic  congestion  of 
the  palatine  glands  and  muscular  tissue.  In  extreme  degrees  of 
enfeeblement  of  the   muscles,   the   impairment  of  speech  closeh' 
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resembles  tliat  wliich  occurs  iii  i)atieiits  suffering  from  cleft 
p.ilate. 

Other  prominent  symptoms,  some  or  all  of  which  may  l)e 
present  according  to  the  severity  of  the  case,  are : — Noisy  respira- 
tion when  awake,  snoring  and  sometimes  also  mucous  dribbling 
from  the  mouth  during  sleep ;  the  lips  prominent  and  expression- 
less, and  moving  feebly,  owing  to  partial  abolition  of  the  functions 
of  the  orbicularis  oris,  buccal  respiration  being  often  noticeable ; 
the  nostrils  narrow,  and  the  cavities  of  the  nasal  fossae  ill- 
developed  :  the  ala^  of  the  nose  depressed  at  the  junction  of  the 
superioi-  and  inferior  lateral  cartilages  ;  distension  of  the  trans- 
verse nasal  vein,  caused  by  obstruction  to  venous  outlet  through 
spheno-palatine  foramina  and  pharyngeal  collaterals.  In  severe 
cases  the  patients  are  often  pigeon-breasted  and  present  signs 
of  anaemia.  Nocturnal  incontinence  of  urine  is  sometimes  found 
in  patients,  especially  girls,  who  are  the  subjects  of  adenoid 
growths. 

Dr.  William  Robertson,  of  Newcastle-on-Tyne,  has  called 
attention  to  the  presence  or  past  existence  of  adenoid  growths 
in  cases  of  inflammation  of  the  lymphatic  glands  in  the  neck,  and 
considers  the  latter  affection  to  be  directly  due  to  the  absorption 
of  septic  matter  in  the  naso-pharynx.  On  examining  the  throat 
the  hard  palate  is  seen  to  be  arched ;  its  mucous  membrane  and 
that  of  the  posterior  wall  of  the  pharynx  are  often  swollen  and 
almost  oedematous  in  appearance.  The  growths  in  the  naso- 
pharynx secrete  a  tough  mucus,  sometimes  of  greenish  colour, 
which  may  be  mixed  here  and  there  with  blood ;  this  runs  down 
the  posterior  wall  and  the  back  of  the  uvula.  In  adults  the 
secretion  is  most  abundant  in  the  morning,  having  accumulated 
and  become  dry  during  the  night.  Exposure  to  cold  causes 
increased  secretion,  which,  if  retained,  is  apt  to  become  offensive, 
as  a  result  of  decomposition.  The  amount,  colour,  and  con- 
sistence of  the  mucus  found  in  the  pharynx  vary  in  different 
cases.  The  mucous  membrane,  as  a  rule,  is  deeper  in  colour  than 
normal ;  the  uvula  is  often  twisted  to  one  side.  The  back  of  the 
l)harynx  may  present  enlarged  glands  and  vessels,  projecting 
l)eyond  the  surface  of  the  mucous  membrane,  ri/firi/tiriitis  dcca 
may  be  found  in  cases  where  the  obstruction  affects  only  the 
upper  and  middle  meatus.  The  larynx  is  often  more  or  less 
congested. 
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On  examining  the  ear  the  menibrana  tympani  is  generally 
seen  to  be  dull  and  depressed,  often  to  an  extreme  degree  ;  the 
bright  spot  is  either  diffused  or  absent.  The  membrane  is 
sometimes  congested,  sometimes  perforated ;  otorrhoea  is  not  un- 
common, and  the  cavity  of  the  tjmipanum  is  sometimes  occupied 
by  granulations.  The  Eustachian  tubes  are  generally  closed  to 
Valsalva's   inflation. 

Diagnosis. — In  many  cases  the  aspect  of  the  patient  is  sufiicient 
to  enable  a  diagnosis  to  be  made  ;  but  if  there  is  a  doubt,  it  may 
be  removed  by  examining  the  naso-pharj^nx  with  a  laryngeal 
mirror,  or,  failing  that,  with  a  finger.  Digital  examination  is 
safe,  easy,  and  practicable,  and  requires  no  preparation ;  it 
should  never  be  neglected  in  any  case  at  all  suspicious.  It  is 
necessary  to  guard  the  finger  from  injury  by  the  patient's 
teeth,  and  as  I  found  the  jointed  metal-guard  in  ordinary  use 
unsuitable.  I  made  a  guard  for  myself,  figures  and  description 
of  which  will  be  found  on  page  104.  Whilst  the  examination 
is  being  made  the  patient's  head  should  be  thrown  a  little  back- 
Avards,  and  steadied  with  the  surgeon's  hand,  and  the  patient 
should  breathe  quietly  and  deeply  through  the  mouth.  This 
digital  exploration  is  practicable  in  patients  of  all  ages.  In 
the  case  of  children,  and  in  adults  with  small  growths,  not 
much  interfering  with  the  movements  of  the  velum,  the  latter 
sometimes  approximates  to  the  posterior  wall  and  impedes  the 
passage  of  the  finger.  When  this  occurs  the  tip  of  the  finger 
should  be  placed  behind  the  lower  part  of  the  posterior  pillar 
of  the  fauces  on  the  side  on  which  the  surgeon  is  standing, 
and  slipped  up\yards  in  the  space  between  it  and  the  posterior 
wall  of  the  pharynx.  By  this  means  it  will  easily  pass  behind 
the  soft  palate.  Digital  exploration  informs  us  as  to  the  con- 
sistence, size,  and  extent  of  the  growths,  which  are  more 
common  than  is  generally  supposed.  Some  amount  of  hgemor- 
rhage  usually  follows  the  examination. 

Inspection  with  the  Mirror. — To  diminish  the  irritability  of 
the  throat,  the  part  should  be  first  sprayed  or  painted  over 
with  a  solution  of  cocaine,  2 — 5  per  cent.,  according  to  the  age 
of  the  patient.  The  mirror  should  then  be  passed  behind  the 
velum,  to  the  front  of  the  posterior  wall  of  the  pharynx, 
which  should  not  be  touched ;  it  is  then  carefully  turned, 
depressed,   or  raised   so  as  to   get  a    view    of  the   whole    space. 
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In  some  cases  it  is  necessary  to  depress  the  tongue,  but 
usually  the  examination  is  best  borne  when  this  is  not  done. 
By  gently  pulling  the  soft  palate  forward  with  a  tractor  the 
whole  of  the  contents  of  the  naso-pharynx  can  be  seen.  But 
this  instrument  is  not  well  tolerated  by  children.  If  growths 
are  present,  and  depend  from  the  roof  of  the  pharynx,  their  lower 
free  border  and  posterior  surface  are  all  that  can  be  seen.  A 
l)etter  vie^^'  can  be  obtained  when  there  are  only  small  gro^^■tllS 
on  the  roof  and  on  the  posterior  wall.  In  adults  with  large 
growths,  and  in  children,  pharyngoscopy  often  partially  or 
completely  fails,  from  want  of  sufficient  illumination,  or  on 
account  of  the  narrowness  of  the  space  between  the  velum 
and  posterior  wall  of  the  pharynx.  Enlarged  tonsils  usually 
prevent  a  good  view  being  obtained.  When  the  nasal  cavities 
are  verj;'  large,  it  is  sometimes  possible  to  see  the  naso-pharynx 
by  simply  lifting  up  the  tip  of  the  nose.  Such  a  view,  however. 
can  be  obtained  only  in  ver}'  rare  cases.  Zaufal's  naso-phar^^ngeal 
speculum  is  sometimes  useful,  but  difficulties  in  passing  it  are 
often  encountered. 

Adenoid  growths  may  be  mistaken  for  nasal  poli/pi.  pohfi>i 
fiUitKj  the  posterior  nares,  and  retro-pJLari/mjeal  abscess.  Nasal 
polypi  are  generally  accompanied  by  symptoms  of  nasal  catarrh, 
sensations  of  fulness  and  discomfort  in  the  nostril  and  snuffling 
respiration.  The  sense  of  smell  is  deadened,  and  the  nostril 
may  become  completely  obstructed.  Polypi  can  usually  be 
detected  on  looking  into  the  nostrils.  The  tumour  presents 
a  shining  surface,  and  is  greyish  or  greyish-yellow  in  colour  : 
on  tonching  it  lightly  ^^'ith  a  probe,  it  is  found  to  be  soft. 
elastic,  and  movable  ;  this  last  condition  definitel}-  distin- 
guishes it  from  swollen  mucous  mendjrane.  When  the  patient 
blows  his  nose,  the  growth  is  forced  lower  down.  More 
or  less  of  the  tumour  can  be  seen  with  a  mirror  or  felt 
on  digital  examination,  when  it  projects  through  the  choana. 
Fibrous  polypi  cause  s^'mptoms  of  obstruction  in  the  nose, 
and  epistaxis  is  not  uncommon.  The  tumour  is  apt  to  pro- 
ject into  the  pharynx  as  a  hard,  rounded  mass,  and  after- 
wards manifests  its  presence  in  the  nostrils.  Such  a  growth 
usually  springs  from  the  roof  of  the  pharynx  and  of  the 
nasal  fossae,  or  from  the  inferior  turbinated  bone,  but  some- 
times from  the  whole    basilar    surface   of  the  sphenoid  and  occi- 
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l)ital  bones.  The  tuiiioiir  has  a  firm  consistence,  and  when 
visible  is  denser  and  more  opaque  than  a  mucous  polypus. 
The  symptoms  of  retro-pharyngeal  abscess  are  sufficiently  dis- 
tinctive ;  the  posterior  Mali  of  the  pharynx  is  pushed  for^^•ard 
by  a  collection  of  pus.  A\hich  forms  a  tense  elastic  tumour, 
usually  fluctuating  distinctly  and  situated  close  behind  the  soft 
palate.  It  is  generally  caused  bv  caries  of  the  vertebrae,  or 
suppuration  of  lymphatic  glands  at  the  back  of  the  palate.  In 
addition  to  pain  and  fever,  there  is  more  or  less  dyspnoea  and 
cough,  and  frequent  choking  sensations.  The  rapid  onset  of 
the  symptoms  is  sufficient  to  distinguish  them  from  those  of 
adenoid  growths. 

Treatment. — It  is  not  necessary  to  operate  when  the  growths 
are  so  few  and  so  small  that  they  produce  no  marked  symptoms, 
and  the  hearing  is  unaffected  ;  but  when  the  symptoms  become 
prominent  an  operation  is  imperative,  irrespective  of  the  age 
of  the  patient.  I  have  removed  growths  from  a  child  onh^ 
four  months  old  who  was  unable  to  suck  properly  on  account 
of  the  nasal  obstruction.  This  infant,  before  the  operation,  used 
to  throw  the  teat  out  of  its  mouth  at  short  intervals  in  order 
to  breathe.  It  has  been  stated  that  it  is  unnecessary  to  operate 
on  patients  who  have  passed  the  age  of  puberty,  on  account  of 
the  retrogressive  changes  which  are  taking  place  in  the  gro^^i:h. 
This  view  is  erroneous,  because  as  long  as  the  abnormal  con- 
ditions remain  which  the  growths  cause,  so  long  will  the 
mischief  which  has  been  produced  progress.  I  have  operated 
with  marked  benefit  on  several  patients  of  more  than  twenty- 
one  years  of  age.  Shortly  after  operating  on  a  gentleman 
t\\  enty-seven  years  of  age,  he  told  me  that  since  the  operation 
his  voice  had  been  more  clear  than  he  ever  recollected  it  to 
have  been  previously,  and  that  for  the  first  time  in  his  life  he 
was  experiencing  the  comfort  of  being  able  to  breathe  through 
his  nose.  AYhen  a  patient  has  enlarged  tonsils  as  well  as  j30st- 
nasal  growths,  I  am  decidedly  of  opinion  that  the  tonsils  should 
be  removed  previously  to  the  growths,  and  without  a  general 
anaesthetic  being  administered.  (See  page  2G3.)  Furthermore, 
if  the  two  operations  have  to  be  performed  at  one  interview, 
that  the  anaesthetic  should  not  be  administered  for  the  removal 
of  the  growths  until  the  ha?morrhage  consequent  on  the  tonsil- 
lotomy has  practically  ceased.     It  is  my  custom,  when  possible, 
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first  to  remove  the  tonsils,  and  on  a  subsequent  occasion  to 
take  away  the  growths.  An  anaesthetic  should  always  be 
given,  as  the  operation  is  somewhat  painful,  and  children 
are  naturally  alarmed  at  the  sight  of  the  blood.  Owing 
to  the  frequency  with  which  this  disease  occurs,  a  large- 
number  of  patients  have  to  be  operated  upon  at  hospitals, 
and  on  account  of  the  time  occupied  by  the  administration  of 
the  anaesthetics,  there  is  a  tendency  amongst  some  surgeons  to 
remove  the  growths  without  the  patient  being  anaesthetised. 
If  the  object  aimed  at  was  merely  to  re-establish  nasal  respira- 
tion, no  great  amount  of  harm  would  be  done  by  adopting  this 
course,  but  as  the  middle  ear  is  very  frequently  affected,  it  is 
most  important  to  remove  the  source  of  the  naso-pharyngeal 
catarrh  ^^'hich  usually  co-exists.  This  end  will  not  be  gained 
if  portions  of  growth  are  allowed  to  remain,  and  I  am  well 
aware  that  this  usually  occurs  when  the  operation  has  been  per- 
formed without  the  patient  being  anaesthetised.  At  the  present 
time,  sufficient  attention  is  not  paid  to  the  ear-complications, 
associated  with  post-nasal  growths  by  surgeons  who  do  not  make 
a  special  study  of  aural  diseases ;  but  it  is  to  be  hoped  that 
they  will  soon  awaken  to  the  fact  that  the  establishment  of 
free  nasal  respiration  should  not  be  the  onh'  object  for  which 
the  operation  is  performed. 

With  regard  to  the  choice  of  anaesthetics,  it  is  best  in  most 
cases  to  place  the  patient  fairly  deeply  under  ether,  and  to  keep' 
up  the  anaesthesia  with  chloroform  whilst  the  actual  operation 
is  in  progress.  An  exception  must  be  made,  however,  when 
dealing  with  infants,  and  in  their  case  chloroform  or  the  A.O.E. 
mixture  should  be  employed  in  preference  to  ether.  Many 
surgeons  prefer  chloroform  throughout  for  all  cases ;  and,  at  first 
sight,  this  anaesthetic  appears  to  be  specially  indicated.  But  in 
addition  to  the  greater  safety  of  ether  as  a  routine  anaesthetic, 
it  is  certainly  far  safer  than  chloroform  in  operations  about  the 
naso-pharynx,  involving  free  haemorrhage.  The  deep  and  audible 
breathing  under  ether ;  the  tendency  to  occasional  coughing  and 
swallowing  "which  attends  its  administration ;  the  remarkable 
manner  in  which  the  circulation  holds  out  when,  as  occasionally 
liappens,  respiration  becomes  temporarily  interfered  with  during" 
the  operation ;  and  the  rapid  and  permanent  cessation  of  haemor- 
rhage after  the  anaesthetic  has  been  ^\•ithdrawn ;  are  all  weighty 
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reasons  for  selecting  this  agent.  It  is  true  that  patients  breathe 
more  easily  under  chloroform,  and  haemorrhage  may  be  less 
during  the  operation ;  but  the  noiseless  manner  in  which 
breathing  may  become  obstructed  under  chloroform ;  the  rapidity 
^Wth  which  the  circulation  runs  do\\Ti  should  any  embarrassed 
breathing  take  place ;  and  the  greater  lialjility  to  secondaiy 
haemorrhage  when  the  circulation  becomes  brisk  with  returning 
consciousness ;  are  all  unfavourable  points  against  the  use  of 
this  anaesthetic  throughout  the  operation.  When  the  patient 
has  been  placed  well  under  ether,  however,  small  quantities  of 
chloroform  may  with  great  advantage  be  given  to  keep  up  the 
anaesthesia. 

When  circumstances  permit,  nitrous  oxide  should  first  be 
given  ;  then  ether,  and  then  chloroform.  Nitrous  oxide  has  the 
great  advantage  of  rapidly  destroying  consciousness  and  cutting 
short  the  initial  pjhenomena  of  anaesthesia;  a  point  of  some  im- 
portance when,  as  is  often  the  case,  friends  of  the  patient  are  near 
at  hand. 

Should  nitrous  oxide  not  be  available,  a  small  quantity  of  the 
A.C.E.  mixture  may  be  used,  upon  lint  or  a  Skinner's  mask, 
before  the  ether  is  given.  Should  neither  nitrous  oxide  nor  this 
mixture  be  at  hand,  ether  should  be  given  from  the  commence- 
ment by  means  of  a  Clover's  inhaler. 

In  gi\'ing  gas  and  ether  to  children  a  verj'  small  quantity 
of  the  former  is  needed.  When  the  signs  of  nitrous  oxide 
narcosis  come  on,  the  face-piece  should  be  removed  ;  one  breath 
of  air  given :  and  an  Omisby's  ether  inhaler  pre\'iously  charged 
with  ether,  applied.  In  the  case  of  children  it  is  best  to  pass 
quickly  from  gas  to  ether,  and  for  this  purpose  an  Omisby's 
inhaler  is  better  than  a  Clover's  inhaler,  because  the  former  gives 
off  more  ether  in  a  given  space  of  time  than  the  latter.  In 
dealing  xWth  children,  it  is  also  an  advantage  to  have  the  gas 
inhaler  distuict  from  the  ether  inhaler,  because  this  arrangement 
ensures  the  mouth-piece  first  applied  being  free  from  the  smell  of 
ether ;  and  as,  in  this  case,  the  gas  bag  can  be  kept  out  of  sight, 
the  child  is  less  likely  to  be  alarmed  than  if  it  were  in  front  of 
his  face  as  when  Clover's  apparatus  is  used.  For  adults  and 
adolescents,  Clover's  inhaler  is  preferable,  because  with  it,  when 
required,  a  certain  amount  of  ether  can  be  mixed  with  gas  from 
the  beginning  of  the  administration,  and  if  ether  only  is  required. 
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the  amount  given  can  be  better  regulated  than  witli  an  Ormsby's 
inhaler. 

When  there  is  more  or  less  complete  nasal  obstruction,  it  is 
a  good  plan  to  place  a  small  mouth  prop  between  the  teeth  before 
beginning  the  administration :  this  is  especiall}''  advisable  in 
young  adults  and  grown-up  persons. 

Whatever  plan  be  adopted,  the  patient  should  be  placed  fairly 
deeply  under  ether  before  the  operation  is  begun.  The  jaw 
muscles  should  have  become  relaxed,  the  conjunctiva  almost 
insensitive,  and  the  breathing  regular  and  deep.  The  laryngeal 
and  pharyngeal  reflexes,  as  evidenced  by  slight,  but  not  incon- 
venient, cough  and  swallowing  movements,  should,  however, 
always  be  allowed  to  persist  in  a  minor  degree.  In  cold  weather 
seven  to  ten  minutes  may  be  needed  to  secure  the  proper  degree 
of  narcosis.  The  gag  being  introduced  and  the  operation  begun, 
the  tube  leading  from  a  Junker's  chloroform  apparatus  should  be 
hooked  inside  the  corner  of  the  mouth  by  the  side  of  the  arms  of 
the  gag.  A  word  or  two  may  be  said  as  to  the  introduction  of 
the  Mason's  gag.  The  pillow  should  be  so  arranged  that  it  does 
not  project  beyond  the  neck  on  the  side  upon  which  the  gag  is 
inserted,  otherwise  the  gag  may  be  dislodged  by  the  pillow. 
Care  must  be  taken  not  to  injure  the  teeth  when  introducing 
the  gag,  the  blades  of  which  should  be  guarded  with  stout 
india-rubber  tubing,  carried  for  some  distance  along  the 
arms,  beyond  the  angle,  to  prevent  the  possibility  of  its 
slipping  off. 

When  anaesthetising  young  adults  and  grown-up  persons,  a 
Hewitt's  modification  of  Mason's  gag  is  useful,  i.e.,  a  gag  with 
metal  tubes  soldered  to  its  arms  for  the  transmission  of  chloro- 
form vapour  to  the  back  of  the  throat.  By  this  plan  greater 
room  in  the  mouth  is  secured.  When  the  conjunctival  reflex 
commences  to  reappear,  hut  not  lief  ore,  the  chloroform  vapour 
tshould  be  pumped  in  to  the  back  of  the  mouth.  The  conjunctival 
reflex  should  not,  as  a  rule,  be  allowed  completely  to  disappear. 
An  occasional  cough  or  act  of  swallowing  should  be  encouraged ; 
but  muscular  movement  or  retching  should  be  met  by  giving 
more  chloroform.  Wlien  the  breathing  becomes  bubbling  in 
character,  less  chloroform  should  be  administered.  Moderate 
haemorrhage  can  easily  be  met  by  sweeping  round  the  back  of 
the  throat  with  a  sponge.       Should   the  bleeding  be  profuse,  or 
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should  the  vomiting  of  fluids  or  soHds  take  place,  the  head  should 
be  turned  to  the  side  for  half  a  minute  or  so.  Should  the  opera- 
tion be  longer  than  usual,  the  anaesthesia  may  be  allowed  to 
become  less  and  less  profound.  Moderate  duskiness  of  the 
features  need  not  cause  alarm ;  but  any  increasing  blueness 
should  be  taken  to  indicate  less  chloroform  till  coughing  has 
occurred  or  the  colour  has  improved. 

Immediately  the  operation  is  at  an  end,  it  is  best  to  remove 
all  pillows,  to  turn  the  patient  on  to  his  side,  and  to  allow  fluid 
to  drain  away  from  his  mouth.  The  Mason's  gag  should  not  be 
removed  till  some  few  minutes  after  the  operation.  Patients 
should  never  be  allowed  to  lie  with  the  face  turned  upwards  after 
the  administration  of  the  anaesthetic  has  been  discontinued,  and 
it  is  best  for  the  administrator  to  stay  by  his  patient  till  retching 
has  taken  place  and  distinct  signs  of  recovery  have  been  observed. 
Before  leaving  the  subject  of  anaesthetics,  it  will  be  well  to 
mention  that  when  about  to  operate  on  post-nasal  growths  before 
10  a.m.,  I  arrange  for  the  patient  to  be  kept  without  food 
after  the  last  meal  on  the  preceding  evening ;  but  if  a  time 
be  fixed  for  later  in  the  day,  I  direct  that  some  beef-tea  be  taken 
six  hours  before  the  operation.  This  arrangement  ensures 
an  empty  or  almost  empty  stomach,  and  vomiting  is  thereby 
either  entirel}^  prevented,  or  Yerj  materiall}^  lessened.  The 
anaesthetic  takes  effect  more  quickly,  and  consequently  less 
is  required,  and  the  after  effects  are  thereby  considerably 
diminished. 

Great  variety  of  opinion  exists  as  to  what  is  the  best  position 
for  the  patient  ^^'hilst  being  operated  on,  the  main  object  aimed 
at  being  to  prevent  blood  getting  into  the  trachea,  a  danger 
which,  in  my  opinion,  has  been  much  exaggerated,  and  is  not 
likely  to  occur  unless  the  anaesthetic  has  been  pushed  to  an 
improper  degree.  1  invariably  operate  with  the  patient  lying 
on  his  back  on  a  low  sofa,  \\ith  a  small,  soft  pillow  under  the 
neck  to  keep  the  occiput  lightly  resting  on  the  flat  surface  of 
the  couch.  I  consider  it  a  great  mistake  to  throw  the  head  far 
back,  because  in  this  position  there  is  pressure  upon  the  veins  of 
the  neck,  and  consequenth^  haemorrhage  is  increased.  If  the 
patient  is  not  placed  in  a  position  which  thus  produces  unneces- 
sary heemorrhage,  provision  for  the  overflow  of  blood  through 
the  nostrils  is  unneeded. 
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For  the  removal  of  the  growths  various  cutting*  and  scraping- 
instruments  are  employed,  but  I  consider  the  latter  should  not  be 
iised,  and  that  of  the  former,  forceps  are  decidedly  the  best.  I  do 
not  recommend  the  use  of  a  ring-knife,  because  this  instrument, 
in  any  of  its  forms,  does  not  remove  the  growth  as  thoroughh'  as 
forceps.  A  large-size  ring-knife,  in  consequence  of  its  dimensions 
and  shape,  is  especially  liable  to  leave  untouched  growths  attached 
to  the  upper  border  of  the  choanae  and  other  parts  to  A\hich  it 
cannot  be  applied.  An  instrument  for  scraping,  whether  attached 
to  a  handle  or  fitted  to  the  finger,  I  am  of  opinion  should  not  be 
used,  because  of  the  injury  to  the  surrounding  healthy  tissues 
which  is  liable  to  result  from  its  employment,  and  also  the 
unnecessarj'  damage  caused  to  the  tissues  lying  beneath  the 
surface  to  which  the  growths  were  attached.  If  the  growths  are 
small,  soft,  and  few  in  number,  the}'  may  be  removed  with  a 
finger  nail,  the  tactile  sensibility  of  the  finger  enabling  the 
operator  to  disting-uish  the  growths  from  the  healthy  tissues.  In 
all  other  cases  I  consider  that  they  are  best  taken  away  with 
forceps. 

In  order  to  avoid  unnecessary  hemorrhage,  the  edge  of  this 
instrument  should  not  be  too  sharp.  Lowenberg's  forceps  and 
the  various  modifications  thereof  appear  to  present  two  defects. 
In  the  first  place,  only  a  portion  of  the  end  of  the  instrument  has 
a  cutting  edge,  and  hence  it  is  often  impossible  to  cut  off  the 
piece  of  growth  held  between  the  blades.  The  portion  not  cut 
awa}'  has  to  be  torn  off*,  and  when  the  growth  is  thick  and  tough, 
the  tearing  sets  up  more  inflammation  than  would  otherwise  have 
occurred.  It  is  generally  stated  that  the  cutting  edge  is  made 
only  on  the  upper  and  posterior  part  because  the  growths  are. 
as  a  general  rule,  attached  exclusively  to  the  upper  and  posterior 
^^'alls  of  the  naso-pharynx,  and  that  a  sharp  edge  is  required  onh' 
in  those  situations.  The  statement  as  to  the  attachment  of  the 
growths  is  quite  correct,  but  the  deduction  drawn  therefrom  is 
erroneous,  because  the  piece  of  growth  grasped  by  the  forceps  is 
frequently  larger  than  the  end  of  the  instrument,  and  has  an 
attachment  greater  than  the  length  of  its  cutting  edge,  and  a 
larger  surface  from   before  backwards  than   that  covered  hv  the 

*  Dr.  Meyer  invented  a  ring-shaped  knife  for  the  purpose  ;  Dr.  Guye,  of  Amster- 
dam, suggests  a  similar  instrument,  but  elliptical  in  form,  Archives  of  Otohu/y, 
vol.  XV.  p.  30. 
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blades.  Tt  is  therefore  evident  that  such  a  piece  cannot  be 
entirely  removed,  without  being  partially  torn  away,  by  the 
instriiiiients  hitherto  employed.  The  second  defect  is  that  the 
two  cutting  edges  are  made  to  strike  against  one  another,  and 
consequently  soon  become  extremely  blunt.  In  the  instrument 
which  was  manufactured  for  me  by  Mayer  &  Meltzer,  in  1887. 
and  exhibited  that  year  at  the  meeting  of  the  British  Medical 
Association  at  Dublin,  both  the  defects  mentioned  above  have 
been  remedied;  the  first  by  the  entire  circumference  of  the 
blades  being  made  with  a  cutting  edge;  the  second,  by  one 
cutting  edge  being  made  to  pass  inside  the  other,  so  that  the 
piece  of  growth  grasped  by  the  forceps  is  completely  detached 
by  the  action  of  the  instrument.     The  end  of  the  latter  has  also 


Fig.  91. 

The  Author's  Post-Nasal  Forceps. 

The  screw  which  is  represented  as  holding  the  blades  together  is  now  replaced  by  a  pivot,  an 
arrangement  having  been  added  which  allows  the  two  blades  to  be  taken  apait  for  the  pur- 
pose of  cleaning  them. 


om 


been  fenestrated  to  prevent  a  thick   piece   of  the    growth   fi 
interfering  with  the  close  approximation  of  the  blades. 

When  the  proper  amount  of  anaesthesia  has  been  produced, 
the  surgeon,  standing  on  the  right  side  of  the  patient,  should 
insert  the  first  finger  of  his  left  hand,  with  the  palm  upwards, 
into  the  naso-pharynx.  and  feel  the  growth.  The  forceps,  held  in 
the  I'ight  hand,  should  then  be  introduced,  the  left  forefinger  not 
only  holding  forward  the  soft  palate  out  of  the  way  of  the  forceps, 
but  also  serving  as  a  guide  to  the  growth  to  be  removed.  The 
blades  should  then  be  opened,  and  the  gro^^'th  gripped,  the  left 
forefinger,  if  necessary,  pushing  the  growth  between  them. 
Unless  it  is  of  firm  consistence,  it  is  best  partly  to  cut  and  ])art]y 
tear  it  from  its  attachment  by  a  slightly  oscillating  movement  of 
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the  forceps,  the  tip  of  the  forefinger  of  the  left  hand  at  the  same 
time  i>ently  assisting  to  separate  the  growth  from  its  attachment 
slioiild  it  not  readily  come  away.  Care  should  be  taken  to 
])i'event  traction  on  an}'  portion  of  mucous  membrane  which  may 
hai)i)en  to  remain  unsevered,  for  I  have  seen  strips  torn  awa}'  in 
consequence  of  this  detail  being  neglected. 

AVhen  that  piece  of  growth  has  been  removed,  the  forceps 
should  be  again  inserted  into  the  naso-pharynx,  the  left  forefinger 
being  still  in  "that  region.  The  remainder  of  the  gro\\'th  should 
then  be  felt  for  with  the  finger,  and  removed  by  the  forceps, 
until  all  has  been  taken  a\\ay.  The  left  finger  should  remain  on 
each  piece  of  growth  until  the  closure  of  the  blades  of  the 
forceps  makes  its  removal  necessary ;   by  this  means  no  injury 


Fig.  9l>. 

Post-Nasal  Growths. 


can  be  done  to  healthy  tissues.  Each  piece  of  growth,  as  it  is 
removed,  is  most  easily  detached  from  the  forceps  by  shaking  the 
latter  in  water. 

As  the  pharyngeal  extremities  of  the  Eustachian  tubes  are  at 
the  sides,  no  harm  can  be  done  to  them  if  the  patient's  face 
looks  directly  upwards,  and  the  curved  end  of  the  forceps  is 
kept  in  the  mesial  line.  Two  cases  have  come  to  my  knowledge 
in  which  the  vomer  was  injured,  but  this  is  an  accident  which 
could  not  occur  if  ordinary  precautions  were  taken. 

Before  completing  the  operation  the  left  forefinger  should  be 
inserted  into  each  choana  in  order  to  ensure  that  no  portion  of 
growth  is  left  attached  to  its  upper  border,  each  fossa  of  llosen- 
mliller  should  also  be   examined,  and   any  small   piece  of  growth 
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which  remains  in  the  naso-pharvnx  should  be  removed  Idv  scraping 
it  off  with  the  finger  nail. 

It  may  be  necessary  to  stop  during  the  operation  in  order  to 
take  away  the  blood  which  has  collected,  and  for  this  purpose  it 
is  best  to  use  pieces  of  soft  honey-comb  sponge,  about  two  to 
two-and-a-half  inches  in  each  diameter.  A  fine  sponge  is 
comparatively  of  little  use  for  this  purpose,  as  its  surface  becomes 
€oated  with  mucus.  About  a  dozen  pieces  of  sponge  are 
required.  Each  piece  should  be  carried  to  the  back  of  the 
mouth  on  the  first  and  second  fingers  of  the  right  hand,  then 
swept  across  the  back  of  the  pharynx  and  removed.  If  an 
assistant  passes  a  clean  sponge  with  one  hand,  and  takes  the 
used  one  with  his  other  hand,  several  sponges  can  be  used  in 
very  quick  succession.  Sponge-holders  are  not  only  unnecessary 
but  inconvenient,  as  the  pharynx  can  be  more  effectually  and 
more  rapidly  sponged  out  as  above  described.  When  operating 
at  a  patient's  home,  it  is  well  to  take  precautions  to  ensure  the 
clothes  and  couch  being  left  unsoiled.  With  this  object,  a 
mackintosh  should  not  only  be  laid  beneath  the  head  and 
shoulders,  but  also  over  the  patient,  and  the  centre  of  a  towel 
should  be  placed  behind  the  neck,  and  the  two  ends  brought 
round  one  on  each  side,  then  spread  out  and  crossed  in  front. 
By  this  means  the  upper  part  of  the  clothes  will  be  kept  clean. 
Whilst  operating  on  girls.  I  have  placed  over  their  heads,  in  order 
to  protect  their  hair,  a  waterproof  cap  made  of  hat  lining,  and  fitted 
with  elastic,  similar  to  a  bathing  cap. 

The  haemorrhage  which  takes  place  during  the  operation 
generally  quickly  subsides  as  soon  as  the  gT0^^i:hs  have  been 
removed.  In  the  rare  cases  in  which  it  continues,  the  nostrils 
should  be  filled  with  ice.  and  in  the  event  of  that  failing  to 
arrest  the  bleeding,  pressure  should  be  made  with  a  sponge  on 
the  place  from  which  the  growths  have  been  taken  away. 
Ero'otine  mav  also  be  administered  hvpodermicallv.  As  soon  as 
the  patient  recovers  consciousness  after  the  operation,  it  is  well  to 
let  him  suck  ice,  as  this  tends  to  arrest  any  inflammatory  tendency 
which  may  arise  in  consequence  of  traction  on  the  soft  palate. 
In  the  rare  event  of  the  uvula  becoming  oedematous.  it  should  be 
painted  with  a  5 — 10  per  cent,  solution  of  cocaine,  and  pricked 
with  the  uvula  scarifier  (Fig.  88.  page  268). 

For  a  week  or  ten  days  after  the  operation,  a  solution  of  boric 
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acid  (5 — 10  grains  to  the  ounce),  may  be  sprayed  through  the 
nostrils  into  the  naso-pharynx  several  times  daily,  in  order 
thoroughly  to  cleanse  that  region.  Subsequently,  the  ordinary 
treatment  for  naso-pharyngeal  catarrh  should  be  adopted.  In 
many  cases,  tonics  containing  iron  are  administered  with  benefit 
for  a  few  weeks  after  the  operation. 

The  hypertrophic  rhinitis  ^\'hich  often  accompanies  post-nasal 
oTOwths  usualh'  subsides  when  the  latter  have  been  removed  : 
but  should  it  continue  to  produce  nasal  obstruction,  the  lax  tissue 
mav  be  touched  with  the  electro-cauterv  with  advantao-e.  Ke- 
currence  of  the  growths  after  removal  is  the  exception  and  not 
the  rule  ;  and  when  it  occurs,  the  growths  are  but  rarely  developed 
to  the  same  extent  which  they  were  originally.  Recurrence 
results  from  a  continuance  of  the  congestion  of  the  naso-pharynx. 
and  is  more  common  in  delicate  children  than  in  those  of  robust 
health.  As  the  fresh  growths  tend  to  keep  up  naso-pharyngeal 
catarrh,  their  removal  may  l)e  rendered  necessary  on  account  of 
the  condition  of  the  ears,  and  in  this  case  the  operation  must  be 
performed  as  on  the  first  occasion.  The  largest  number  of  recur- 
rences (four)  which  I  Imve  heard  of  occurred  in  my  own  practice, 
in  the  case  of  a  young  lady  who  had  been  twice  operated  uj^on 
1)efore  she  came  under  my  care  for  deafness,  accompanied  with 
profuse  iiaso-pharjmgeal  catarrh. 

The  patient  should  be  directed  to  discontinue  the  habit  of 
keeping  the  mouth  open,  and  made  to  practise  breathing  through 
the  nose.  Some  amount  of  perseverance  is  necessary  in  some 
cases  for  this  change  to  be  effected  ;  but  it  must  be  borne  in  mind 
that  the  continuance  of  the  S}'mptom  may  be  due  to  the  recurrence 
of  its  orioinal  cause,  and  not  to  foroetfulness  or  obstinacy  on  the 
part  of  the  patient. 
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AFFECTIONS  OF  THE  EUSTACIIIAX  TUBES. 

Extension  of  Morbid  Processes  through  the  Eustachian  Tube — Injuries 
to  the  Eustachian  Tube — Foreign  Bodies — Inflammation  of  the 
Eustachian  Tube — Anatomical  Appearances — Symptoms — Examina- 
tion of  the  Throat  and  Ear — Treatment — Constrictions  of  the  Eus- 
tachian Tube  —  Diagnosis  —  Complete  Atresia  —  Undue  Patency — 
Ulceration  of  the  Eustachian  Tube — Diphtheria,  Small-pox,  Tuber- 
culosis, and  Syphilis — Treatment  of  Constrictions,  Abnormal  Patency, 
and  Ulceration. 

Each  Eustachian  tube  consists  of  two  portions,  a  cartilaginous 
and  an  osseous  {see  p.  47),  and  these  are  connected  b}-  an  isthmus, 
the  narrowest  part  of  the  tube.  The  cartilaginous  portion  may 
be  regarded  as  a  prolongation  of  the  naso-pharynx ;  its  mucous 
membrane  is  continuous  with  that  of  the  latter  cavity,  in  whicli 
its  disorders  are  wont  to  originate.  The  osseous  portion  is 
similarly  connected  with  the  cavity  of  the  tympanum,  and  hence 
disease  of  one  structure  is  usually  associated  with  a  similar 
condition  of  the  other.  The  Eustachian  tube  is  the  only  channel 
of  communication  between  the  tympanum  and  the  external  air, 
and  by  it,  also,  in  the  majority  of  cases,  morbid  matters  gain 
access  to  the  cavity.  There  are  two  ways  in  \\  hich  disease  may 
spread  from  the  naso-pharynx  to  the  tympanum :  (1)  by  extension 
of  inflammation  along  the  mucous  membrane  of  the  tube ;  (2)  by 
the  passage,  in  a  similar  direction,  of  infectious  secretions  during 
forced  expiratory  movements.  On  the  other  hand,  as  a  far  less 
frecjuent  occurrence,  disease  may  extend  in  the  opposite  direction, 
viz.,  from  the  t3'mpanum  to  the  Eustachian  tube. 
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INJURIES  TO  THE  EUSTACHIAN  TUBE— FOREIGN  BODIES. 

Owing  to  its  sheltered  position,  the  Eustachian  tube  is  i-arel}- 
the  seat  of  injury;  its  mucous  membrane  is  sometimes  torn 
during  unskilful  attempts  to  pass  a  catheter.  A  few  cases  of 
gunshot  wound  have  been  placed  on  record.  Obliteration  of  the 
canal  is,  of  course,  the  ordinar}^  result.  In  a  cafee  of  punctured 
wound,*  the  knife  passed  through  the  cartilaginous  portion  of 
the  meatus,  below  the  articulation  of  the  jaw,  into  the  pharynx, 
dividing  the  cartilaginous  portion  of  the  Eustachian  tube. 
Recovery  took  place,  with  atresia  of  the  tube  as  the  result. 

Foreign  bodies  very  seldom  gain  access  to  the  Eustachian 
tube.  During  the  act  of  vomiting,  matters  from  the  stomach 
have  been  known  to  pass  into  the  pharyngeal  orifice.  Breakage 
of  bougies,  used  to  dilate  the  tube,  has  in  a  few  cases  been 
followed  by  the  lodgment  of  fragments.  These  set  up  vomiting, 
which  may  cause  their  expulsion.  In  one  case,  a  barley-corn 
was  found  in  the  tube  on  post-mortem  examination.!  The  man 
had  complained  of  noises  in  the  ear  for  some  time  before  his 
death.  In  a  very  remarkable  case,  under  the  care  of  Dr. 
Urbantschitsch.J  an  oat-husk,  3cm.  in  length,  passed  into  the 
pharynx  and  thence  along  the  Eustachian  tube  into  the  tym- 
]mnum,  where  it  set  up  purulent  inflammation.  Nine  weeks 
afterwards  it  was  discovered  in  the  external  meatus,  the  mem- 
brana  tympani  having  become  perforated.  While  the  husk  was 
passing  along  the  tube,  the  patient  experienced  very  severe  pain 
in  moving  the  jaw,  and  for  several  weeks  could  take  only  fluid 
nourishment.  There  was  also  total  loss  of  appetite,  possibly  due 
to  irritation  of  the  branches  of  the  pneumogastric  supplying 
the  tube. 

Foreign  bodies  of  another  kind  are  occasionally  found  in  the 
tube.  Intestinal  worms  have  been  known  to  pass  upwards  into 
the  throat,  and  thence  along  the  Eustachian  tube  into  the 
tympanum§  and  external  meatus. 

*  BcdhK  Kiln.  Woch.,  1883,  No.  40. 
t  Linke's  Ahhandlinujen,  II.  S.  182. 
X  LehrhHch  der  OJirenhcilkHnde,  III.  Aufl.  S.  202. 

§  Lewis  Reynolds,  Lancet,  vol.  ii.  1880,  p.  653,  and  WagenlUiuser,  A.f.O.  xxvii. 
S.  166. 
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INFLAMMATIOX    OF    THE    EUSTACHIAN    TUBE. 

Catarrhal  inflammation  of  the  Eustachian  tube  often  accom- 
panies catarrh  of  the  naso-pharynx.  The  process  is  then  most 
severe  in  the  cartilaginous  portion,  and  may  be  confined  to  it. 
Less  frequently  inflammation  spreads  from  the  tympanum  to  the 
osseous  portion  of  the  tube.  As  a  matter  of  fact,  the  tubes  are 
affected  in  almost  all  affections  of  the  middle  ear;  they  are, 
indeed,  the  channels  through  Avhich  infection  extends,  and  hence 
inflammation  of  these  parts  is  of  vevy  common  occurrence.  It 
rarely  happens  that  the  process  is  confined  to  the  tubes ;  but 
cases  of  this  kind  do  sometimes  occur,  and  usually  in  children. 
In  3"0ung  subjects  the  mucous  membrane  is  thick  and  the  cartilage 
ill-developed,  and  hyperplastic  processes  are  easily  set  up.  In 
addition,  the  pharjmgeal  orifice  is  narrow,  and  secretion  is  very 
liable  to  be  retained.  Scrofula  is  a  predisposing  cause,  and  this 
condition  is  frequently  associated  with  adenoid  growths  and 
hj'pertrophy  of  the  tonsils. 

The  Anatomical  Appearances  are  redness,  s^^'elling.  and  increased 
secretion.  The  tube  is  filled  with  a  muco-serous  or  more  or  less 
purulent  fluid;  the  blood-vessels  are  enlarged  and  tortuous,  and 
the  mucous  membrane  is  swollen,  owing  to  cellular  and  serous 
infiltration.  In  some  cases  the  secretion  is  very  tenacious  in 
character,  and  closely  adheres  to  the  walls  of  the  tube,  so  as 
completely  to  obstruct  it.  Sometimes  a  whitish-yellow  plug 
may  be  seen  projecting  from  the  phar3mgeal  orifice,  and  a  com- 
plete cast  of  the  tube  may  be  formed  by  inspissated  secretion. 
In  other  cases,  the  exudation  is  fluid  in  character,  and  more  or  less 
purulent.  It  always  contains  cylindrical  epithelial  cells,  some 
being  ciliated ;  and  micro-organisms  of  various  kinds  are 
frequently  present. 

Symptoms.  —  A  patient  suffering  from  inflammation  of  the 
Eustachian  tube  on  one  side  complains  of  a  sensation  of  pressure 
and  fulness  in  the  ear,  and  of  more  or  less  deafness.  These 
symptoms  are  well-known  accompaniments  of  an  ordinary  cold. 
The  patient  is  apt  to  regard  the  deafness  as  more  severe  than  is 
really  the  case  ;  he  feels  as  though  the  meatus  were  plugged  up. 
AVhen  the  inflammation  is  very  severe,  pain  in  the  ear  is  generally 
superadded ;  it  may  extend  to  the   angle  of  the  lower  jaw  and 
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side  of  the  neck,  and  it  is  made  worse  by  movements  of 
swallowing.  Giddiness  and  nausea  are  sometimes  observed. 
Sudden  disappearance  of  all  the  symptoms  is  occasionally  noticed ; 
it  generally  occurs  during  eating,  and  is  caused  by  the  opening 
of  the  membrano-cartilaginous  portion  of  the  tube,  or  perhaps 
by  the  escape  of  inspissated  secretion.  The  improvement,  how- 
ever, is  only  temporary ;  the  symptoms  connected  with  the  ear 
speedily  return.  Not  infrec[uently,  the  opening  of  the  tube  is 
accompanied  by   a  crack,   of  which  the  patient  is  conscious. 

On  examining  the  throat  by  posterior  rhinoscopy,  the  appear- 
ances are  those  already  mentioned,  viz.,  circumscribed  redness  of 
the  mucous  membrane  with  increased  secretion,  swelling,  and 
contraction  of  the  orifice,  which  is  sometimes  occluded  by  a  plug 
of  tenacious  secretion.  Considerable  resistance  is  offered  to  the 
passage  of  the  Eustachian  catheter,  and  when  the  beak  of  the 
instrument  is  within  the  lips  of  the  tube,  several  compressions  of 
the  bag  may  be  rec|uired  before  air  begins  to  pass.  The  obstruc- 
tion may  be  caused  by  swelling  or  by  folds  of  the  mucous  mem- 
brane, by  thick,  tenacious  secretion,  or  by  adhesion  of  the  walls 
of  the  tube.  AVhen  it  is  overcome,  the  sound  heard  on  ausculta- 
tion is  weak,  distant,  and  interrupted ;  but  by  degrees  it  becomes 
stronger,  nearer,  and  more  continuous.  If  the  obstruction  be 
completely  removed,  the  sound  approximates  to  its  normal  blowing 
character. 

On  examining  the  ear,  in  cases  in  which  the  Eustachian  tube 
has  been  for  some  time  impermeable  to  air,  the  position  of  the 
tympanic  membrane  is  seen  to  be  materially  changed.  The 
funnel-shaped  depression  is  increased  in  depth,  and  the  handle 
of  the  malleus  is  decidedly  shortened.  These  alterations  are  due 
to  the  rarefaction  of  air  in  the  tympanic  cavity  ;  the  atmospheric 
pressure  on  the  external  surface  of  the  membrane  is  greater  than 
on  the  internal.  Besides  the  increased  concavity  of  the  membrane 
and  the  shortening  of  the  handle  of  the  malleus,  the  folds 
(especially  the  posterior  one)  passing  from  the  short  process  are 
rendered  more  prominent,  while  the  cone  of  light  is  much  dimi- 
nished in  size  or  even  obliterated.  As  the  membrane  is  drawn 
inwards,  the  angle  between  the  handle  of  the  malleus  and  the 
posterior  fold  becomes  more  and  more  acute,  and  the  short  process 
is  caused  to  project  downwards,  like  a  peg,  towards  the  external 
meatus.       In    very    marked    cases,     the    promontory,    the    long 
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process  of   the   Incus,  and  the   chorda  tympani  nerve  sometimes 
become  visible. 

Treatment. — Measures  must  be  adopted  to  cure  or  relieve  the 
morbid  condition  of  the  naso-pharynx.  For  this  purpose,  the 
various  remedies,  as  described  in  a  preceding  chapter,  may  be 
employed  in  the  form  of  gargles,  inhalations,  sprays,  and  pig- 
ments. Constitutional  treatment  is  alwaj^s  required ;  cod-liver 
oil,  iodide  of  iron,  arsenic,  and  other  tonics  are  likely  to  be  useful. 
To  relieve  the  condition  of  the  Eustachian  tube  and  tpnpanum, 
the  catheter  and  air-douche  must  be  employed.  If  the  local 
treatment  of  the  naso-pharynx  prove  insufficient,  weak  lotions 
should  be  injected  into  the  Eustachian  tube  through  a  catheter. 
To  ensure  the  fluid  being  warm,  it  is  well  to  make  the  solution 
which  is  to  be  employed  of  double  strength,  and  dilute  it  ^^'ith  an 
equal  quantity  of  hot  water  before  use.  Care  should  be  taken 
that  the  nozzle  of  the  syringe  does  not  fit  the  catheter  too  closely, 
otherwise  the  fluid  may  be  forced  along  the  Eustachian  tube  into 
the  tympanum,  and  produce  inflammation  of  that  cavity.  The 
patient's  head  should  be  placed,  if  possible,  against  a  rest,  and 
held  straight,  so  that  the  stem  of  the  catheter  Allien  in  position 
may  be  horizontal.  Two  or  three  drops  of  fluid  should  then  be 
put  into  the  catheter  from  the  syringe,  and  blown  into  the  Eus- 
tachian tube  by  a  handball  previously  attached,  ready  for  use,  to 
the  button  of  the  coat.  The  auscultation  tube  should  be  in  use 
whilst  this  is  being  done,  so  that  the  pressure  to  the  air-bag  may 
be  properly  regulated  according  as  to  whether  or  not  the  fluid  is 
passing  readily  into  the  Eustachian  tube.  The  injection  should 
be  repeated  two  or  three  times  a  week,  or  daily  for  a  short  time- 
in  severe  cases.  If  a  two  per  cent,  solution  of  cocaine  is  sprayed 
through  the  nostril  before  the  catheter  is  passed,  the  discomfort 
which  sometimes  attends  its  passage  will  be  prevented.  In  many 
cases  alkaline  solutions  are  best.  Iodide  of  potassium  about  10 
pTains  to  the  ounce  is  verv  useful.  Bicarbonate  of  soda  3 — 5  2ts. 
to  the  ounce  may  also  be  employed  with  advantage.  When  an 
astringent  is  required  it  should  be  weak.  I  have  found  a  solution 
of  sulphate  of  zinc,  one  grain  to  the  ounce,  beneficial. 

CONSTRICTIONS    OF    THE    EUSTACHL\:N'    TUBE. 

The  calibre  of  the  Eustachian  tube  may  be  diminished  at 
various  points  and  from  a  variet}'  of  causes.     Thus  the  pharyngeal 
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opening  may  be  partially  closed  b}'  enlargement  of  the  pliarj-ngeal 
tonsil,  and  by  the  cicatrisation  of  ulcers  due  to  syphilis,  tuber- 
culosis, or  diphtheria.  Constrictions  in  the  tube  are  the  result  of 
thickening  of  the  submucous  connective  tissue,  as  may  occur  after 
repeated  attacks  of  inflammation.  Apparent  constriction  is  some- 
times due  to  an  abrupt  bend  in  the  tube,  or  to  projection  of  the 
carotid  canal  into  the  osseous  portion.  Constriction  in  this  latter 
may  be  due  to  hypertroph}'  of  the  mucous  membrane,  to  con- 
nective tissue  formation  during  middle-ear  inflammation,  or  to 
bands  of  the  same  tissue  extending  between  the  walls  of  the  tube. 
Besides  these  causes  of  constriction,  the  osseous  poition  may  be 
more  or  less  blocked  up  by  hony  deposit  and  exostoses. 

The  Diagnosis  of  constriction  of  the  Eustachian  tube  is  effected 
by  means  of  rhinoscopy,  the  air-douche,  and  also  by  inspection  of 
the  membrana  tympani.  The  use  of  bougies  for  this  purpose  is 
not  recommended  by  the  author  (see  page  129).  The  condition  of 
the  pharj^ngeal  orifice  should  always  be  carefully  examined ;  adenoid 
growths,  enlargement  of  the  pharyngeal  tonsil,  and  growths  from 
the  inferior  turbinate  bone  may  constitute  the  obstacles  to  the 
passage  of  air.  It  must  also  be  remembered  that  constriction  in 
the  tube  itself  may  coexist  with  any  of  these  impediments.  There 
are  other  conditions  which  play  a  more  or  less  decided  part  in 
diminishing  the  patency  of  the  Eustachian  tube.  Among  them 
may  be  mentioned  atonj'  and  insufficient  action  of  the  muscles 
of  the  palate,  due  to  over-exertion  of  these  parts,  or  the  result  of 
paralysis  after  diphtheria.  A  similar  condition  of  the  muscles 
is  sometimes  noticed  during  recovery  from  exhausting  illnesses, 
in   cases  of  angemia,  and  occasionally  as  a  result  of  old  age. 

Complete  Atresia  of  the  tube  is  a  rare  condition  ;  it  may  be 
caused  bj'  those  processes  which  produce  constriction.  In  the 
majority  of  cases,  the  occlusion  exists  at  the  pharyngeal  orifice. 
Cicatricial  stricture  and  complete  obliteration  of  the  canal  have 
been  observed  in  cases  of  syphilitic  and  diphtheritic  ulceration. 
The  symptoms  are  similar  to  those  of  severe  inflammation  of  the 
tube  :  there  is  an  unj)leasant  sensation  of  fulness  and  pressure  in 
the  ear,  together  with  tinnitus,  headache,  giddiness,  and  loss  of 
hearing-power.  The  membrana  tympani  is  drawn  inwards,  and 
no  sound  is  heard  on  injecting  air  through  the  catheter.  Various 
alterations  may  be  discoverable  on  posterior  rhinoscop}^ 

An  opposite  condition  of  the  tul)e,  vi/.,  undue  patency,  is 
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sometimes  present.  It  may  be  due  to  senile  atrophy  of  the  parts, 
to  atroph}^  of  the  mucous  membrane  following  chronic  catarrh,  or 
to  destructive  ulceration.  It  is  sometimes  temporarily  present  in 
cases  of  extreme  debility,  but  is  most  often  associated  with  atrophic 
conditions  of  the  nose  and  phaiynx.  Partial  dilatation  most  often 
occurs  at  the  phaiyngeal  orifice.  In  one  case,  recorded  by  Urbant- 
schitsch,*  the  tip  of  the  little  finger  could  be  easily  introduced 
into  the  mouth  of  the  tube.  As  results  of  the  undue  patency,  air 
passes  more  or  less  freely  into  the  t}Tnpanum  during  respiration, 
and  the  patient  is  conscious  of  increased  resonance  of  his  own 
voice  (autophony).  This  latter  phenomenon  is  most  often  ob- 
served in  debilitated  patients  ;  not  only  their  own  voices,  but 
other  sounds  produced  near  them,  appear  louder  than  natural,  so 
that  the  sensation  becomes  veiy  disagTeeable.  Dr.  Sexton  ex- 
plains autophony  as  due  to  the  fact  that  vocal  sounds,  instead  of 
being  heard  after  passing  through  the  mouth  and  external  air  to 
the  drum  of  the  ear.  gain  access  to  the  auditory  nerve  by  travers- 
ing the  tissues  between  the  mouth  and  ear  in  a  more  or  less 
direct  line,  and  are  thus  heard  false  in  comparison  with  normal 
hearing.  In  some  cases  the  increased  resonance  is  no  longer 
perceived  when  the  patient  either  bends  the  head  forwards  or 
lies  down. 

As  a  result  of  free  communication  between  the  tympanum  and 
the  outer  air.  the  respiratory  movements  are  sometimes  accom- 
panied by  corresponding  vibrations  of  the  membrana  tpnpani. 
especially  if  the  membrana  propria  is  absent  as  a  result  of 
previous  inflammation,  and  only  the  mucous  and  epithelial  layers 
remain.  During  inspiration  the  membrane  bulges  outwards,  and 
is  withdrawn  during  expiration.  Associated  movements  of  an 
opposite  character  have  been  occasionally  observed.  When  the 
patency  of  the  tube  is  very  marked,  the  surgeon  may  hear  a 
blowing  sound  during  ordinary  Ijivatliing. 

Ulceration  of  the  Eustachian  Tube.— This  process  occurs 

at  the  phaiyngeal  orifice  in  connection  with  diphtheria,  small-pox, 
tuberculosis,  and  syphilis.  In  diphtheria  of  the  naso-pharynx 
the  pharyngeal  orifice  is  prone  to  be  attacked  :  a  tubular  false 
membrane  or  a  semi-solid  plug  may  form  in  the  tube,  and  be 
subsequently  cast  off,  leaving  an  ulcerated  surface.  Necrosis  and 
gangrene  of  the  cartilaginous  portion  of  the  tube  have  been 
*  Lehrhvch  der  Ohrenheilkunde,  III.  Aufl.  S.  197.     • 
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observed  in  rare  cases.  In  small-pox  the  tube  is  frequently 
involved  ;  the  cartilaginous  portion  is  filled  with  tenacious  mucus, 
sometimes  mixed  with  blood.  The  lymphoid  elements  of  the 
mucous  membrane  are  considerably  increased,  and  infiltrated 
with  blood.  Superficial  ulcers  likewise  form,  but  generally  heal 
without  cicatrisation,  and  do  not  cause  adhesion  of  the  lips  of 
the  orifice. 

T'liherculous  ulcers  of  the  naso-pharynx  may  extend  to  the 
tissues  bounding  the  pharyngeal  orifice  and  lead  to  their  destruc- 
tion. In  like  manner  tuberculosis  of  the  tympanum  may  extend 
to  the  osseous  portion  of  the  tube.  Prof.  Habermann  states 
that  he  has  several  times  seen  tuberculous  processes  in  the 
Eustachian  tube.  In  one  case  the  cartilaginous  portion  con- 
tained deposits  of  miliary  tubercle  with  characteristic  bacilli, 
and  similar  deposits,  some  partially  caseous,  were  found  in 
neighbouring  portions  of  the  pharynx. 

Primary  syphilitic  affections  of  the  pharyngeal  orifice  are 
occasionally  observed,  the  infection  having  been  conveyed  by 
the  Eustachian  catheter.  Secondary  and  tertiary  manifestations 
of  syphilis  are  not  uncommon  ;  they  take  the  form  of  condy- 
lomata, gummatous  deposits,  and  ulceration.  The  cicatrisation 
of  syphilitic  ulcers  sometimes  leads  to  occlusion  of  the  tube. 
Exostoses  in  the  osseous  portion  are  occasional  results  of 
syphilis. 

Treatment. — In  the  treatment  of  constriction  of  the  Eustachian 
tube,  the  condition  of  the  naso-pharynx  is  the  first  point  to 
be  attended  to.  Chronic  hypersemia,  thickening  and  excessive 
secretion  must  be  dealt  with  by  the  application  of  the  remedies 
already  described.  It  sometimes  happens  that  the  pharyngeal 
orifice  is  occluded  by  crusts  or  plugs  of  inspissated  mucus, 
and  that  after  these  are  removed  the  function  of  the  part 
is  completely  restored. 

Constrictions  of  the  tube,  the  result  of  swelling  of  the 
mucous  membrane,  should  be  treated  by  means  of  the  air- 
douche,  the  effect  of  which  is  to  remove  secretion  and  to  distend 
the  cartilaginous  portion  of  the  canal.  Should  the  air-douche 
fail  to  afford  relief,  injections  of  a  warm  solution  of  iodide  of 
potassium  {see  page  294)  should  be  made  into  the  tube,  and 
iodide  of  potassium  given  internally.  An  alkaline  lotion 
should   be    sprayed   through    the   nostrils  into  the  naso-pharynx 
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several  times  a  day.     The   amount   of  success  will  depend  upon 
the  character  of  the  stricture. 

Abnormal  patency  of  the  tube  may  sometimes  be  relieved 
b}'  astringent  injections  (such  as  sulphate  of  zinc,  gr.  i. — ij.  to  §j.). 
Gargles  containing  common  salt  may  also  be  tried.  \.  Troltsch's 
method  of  gargling  the  throat  (see  page  271)  is  likel}^  to  prove 
serviceable.  In  cases  presumably  due  to  pathological  condi- 
tions of  the  muscles  of  the  tube,  the  faradic  current  should 
be  used.  One  electrode  is  placed  within  the  tube  and  the 
other  on  the  side  of  the  neck.  In  ulceration  affecting  the 
pharyngeal  orifice,  the  treatment  must  be  directed  according  to 
the  nature  of  the  case.  In  tuberculous  and  syphilitic  subjects^ 
constitutional  remedies  are  ahvays  necessary, 
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CHAPTER   XXIII. 


DISEASES  OF  THE  TYMPANIC  CAVITY— IXTKODUCTIOX. 

Diseases  of  the  tympanum  constitute  by  far  the  largest  class 
of  aural  affections.  Statistics  *  show  that  about  two-thirds 
of  these  disorders  (66"9  per  cent.)  occur  in  the  middle  ear. 
Men  are  more  liable  to  suffer  than  voinen,  the  proportion  per 
cent,  being  58*4  :  41  "6.  With  regard  to  wje,  we  find  that 
children  constitute  nearh-  half  the  total  number  of  patients. 
As  compared  Avith  adults  the  numbers  are  48*2  :  51 '8  per 
cent. 

Their  numerical  preponderance  \\'ould  amply  suffice  to  de- 
note the  importance  of  diseases  of  the  middle  ear  ;  but  their 
lial^ility  to  affect  the  hearing-power  to  a  very  serious  extent 
and  to  produce  complications  of  an  exceedingl}^  grave  character 
constitutes  a  still  greater  claim  upon  the  attention  of  surgeons. 
The  relations  of  the  tympanum  to  the  contents  of  the  cranium 
are  of  a  very  intimate  character  ;  it  is  not  to  be  wondered  at 
that  diseased  conditions  of  the  tympanic  cavity  are  attended 
with  more  or  less  risk  to  the  brain,  to  its  membranes,  and 
blood-vessels.  Serious  constitutional  disorder  may  likewise 
result  from  intra-tympanic  disease. 

The  most  common  middle-ear  affections  are  caused  by 
catarrhal  and  inflammatorv  processes  involving  primarily  the 
mucous  membrane,  and  often  confined  thereto,  though  liable, 
in  many  cases,  to  spread  to  adjacent  structures.  In  typical 
cases,  these  affections  may  be  divided  into  three  classes,  the 
classification  being  based  upon  the    anatomical  changes  and  the 

*  See  papers  by  Burkner_ancl  Bezold  in  ArcJnr  fiir  OhTenheilhnndc,  xx.  81; 
xxi.  240  ;  and  xxv.  211. 
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clinical  symptoms.  The  first  class  includes  catarrh  (acute  and 
chronic)  of  the  middle  ear  ;  the  second,  suppurative  inflamma- 
tion, likewise  subdivided  into  two  sub-classes ;  while  the  so- 
called  ''dry"  or  "adhesive"  catarrh,  or  sclerosis  of  the  middle 
ear,  has  so  many  special  characteristics,  that  it  must  be  placed 
in  a  separate  category.  Before  giving  particular  descriptions 
of  the  various  forms,  it  seems  desirable  to  take  a  general  review 
of  the  catarrhal  and  inflammatory  affections  of  the  middle  ear. 

Morbid  Appearances. — Catarrh  of  the  lining  membrane  of 
the  tympanum  is  characterised  by  hyperaemia  and  swelling,  due 
to  enlargement  of  vessels,  serous  transudation,  and  cellular  infil- 
tration of  the  connective  tissue.  In  addition  to  these  changes, 
there  is  more  or  less  abundant  exudation  of  a  mucous,  colloid, 
or  serous  character  on  the  surface  of  the  membrane.  In  the 
earliest  stage,  the  secretion  consists  of  mucus,  formed  in  the 
lining  epithelial  cells,  and  in  the  cells  of  the  mucous  glands. 
In  a  later  stage,  the  mucous  secretion  is  checked,  and  replaced 
by  a  more  or  less  abundant  serous  exudation. 

Suppurative  Inflammation  involves  the  deeper  periosteal  layers 
of  the  lining  membrane ;  besides  the  hyperemia  and  the  serous 
and  cellular  infiltration,  the  exudation  contains  a  considerable 
percentage  of  white  blood-cells,  and  though  new  formation 
occurs,  the  processes  decidedl}^  tend  to  the  destruction  of 
tissue.  Caries  and  necrosis  are  frequent  consequences  of  acute 
and  chronic  suppurative  inflammation  within  the  tjmipanum. 
In  some  cases,  and  notably  in  tuberculous  patients,  there  is 
abundant  purulent  exudation,  but  the  other  signs  of  inflamma- 
tion are   either  verv  slio-ht  or  altoo-ether  wantins;. 

"Dry"  or  "Adhesive"  Catarrh  is  accompanied  by  changes  of 
^vhich  only  the  final  stages  are  well  known.  In  some  cases 
the}^  are  preceded  by  the  symptoms  of  catarrh  ;  in  others  no  such 
history  is  obtainable.  When  the  condition  is  fully  developed, 
the  mucous  membrane  becomes  thickened  and  rigid,  various 
parts  of  the  sound-conducting  apparatus  lose  their  elasticity,  and 
the  movements  of  the  ossicles  become  impaired  or  altogether 
abolished. 

The  Symptoms  are  in  some  degree  a  guide  to  the  nature  of 
the  case.  In  catarrh  of  the  middle  ear,  the  pain  is  most  often 
slight  or  moderate  ;  and,  if  severe,  it  is  generally  intermittent. 
In  children,  the  fever  and  constitutional  disturbance  are  usually 
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prominent  symptoms.  So  long  as  the  process  is  purely  cartarrhal, 
it  does  not  involve  the  middle  and  external  layers  of  the  tympanic 
membrane.  They  may,  howeA'er,  even  in  the  early  stage,  be  some- 
what hyperaemic,  and  the  membrane  itself  is  apt  to  assume  a 
diffuse  brio-ht  red  colour,  bv  reflection  from  the  reddened  mucous 
membrane  covering  the  promontory.  But  little  change  occurs  in 
the  thickness  and  translucency  of  the  membrane,  so  that  in 
purely  serous  exudations,  the  level  of  the  fluid  can  be  easily 
distinguished.  The  normal  curves  of  the  membrane  may,  how- 
ever, undergo  decided  alterations.  Perforation  is  by  no  means  a 
necessar}'  result. 

Acute  Purulent  Inflammation  of  the  middle  ear  often  sets  in 
A\ith  one  or  more  distinct  rigors  ;  the  pain  is  severe  and  con- 
tinuous ;  there  is  much  constitutional  disorder  and  often  high 
fever;  perforation  of  the  tympanic  membrane  is  the  almost 
invariable  result,  and  the  inflammatory  jn-ocess  may  extend  to 
the  labyrinth.  The  acute  disease  often  passes  into  a  chronic 
form. 

"Adhesive"  or  "Dry"  Catarrh  of  the  middle  ear  comes  on 
insidiously  ;  tinnitus  is  often  the  first  symptom  noticed  by  the 
patient.  After  a  time,  perhaps  not  until  the  hearing-power  has 
been  decidedly  impaired,  the  patient  is  conscious  of  deafness, 
easily  discoverable  on  applying  the  usual  tests.  In  "dry" 
catarrh,  accompanied  by  sclerosis,  the  membrana  tympani  is 
comparatively  normal.  The  appearance  through  the  membrane 
of  a  dull-red  or  orange-coloured  spot,  corresponding  to  the  pro- 
montory, is  characteristic  of  this  form  of  disease. 

The  brief  sketch  just  given  of  the  various  inflammatory 
processes  which  take  place  in  the  middle  ear  is  sufficient  to 
show  that  great  differences  exist,  both  in  the  structural  changes 
and  in  the  symptoms  to  which  the}'  give  rise.  Their  course  also 
varies,  being  sometimes  acute  or  subacute,  and  sometimes  chronic; 
the  termination  in  some  cases  is  favourable ;  in  others,  it  is  just 
the  opposite ;  while  in  a  ver}'  numerous  class,  more  or  less  per- 
manent alteration  of  structure  is  associated  with  a  corresponding 
impairment  of  function.  There  is  no  foundation  for  the  view  that 
the  various  forms  of  middle-ear  inflammation  are  stages  of  one 
and  the  same  morbid  process.  Some  of  these  forms  may  pass 
into  others,  e.<j.,  a  catarrhal  process  may  be  succeeded  by  purulent 
inflammation,  and  this  in  time  may  subside,  and   the    secretion 
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may  become  serous  in  character.  A  superficial  form  of  inflam- 
mation may  be  so  far  changed  as  to  invade  the  deeper  structures, 
and  tliis  alteration  is  apt  to  occur  when  the  process  continues  for 
any  length  of  time.  Clinical  experience,  however,  shows  that 
certain  forms  of  inflammation  of  the  middle  ear  exhibit  certain 
typical  peculiarities,  which  they  often  retain  throughout  their 
course. 

Besides  those  already  mentioned,  other  forms  of  inflammation 
occur  in  the  tjmipanum.  In  one  of  these,  the  exudation  contains 
fibrinogenic  and  fibrino-plastic  elements,  and  undergoes  coagula- 
tion. Thus  the  surface  of  the  mucous  membrane  becomes  coated 
with  an  adherent  film  or  croupous  false  membrane.  In  another 
form,  the  membrane  is  diphtheritic  in  character,  and  the  deeper 
layers  are  especially  involved.  In  a  third  variety,  termed  "  des- 
cjuamative  "  inflammation,  epithelial  cells  are  formed  and  shed  in 
vast  numbers,  and  are  mingled  with  the  secretion.  The  cylin- 
drical cells  are  replaced  by  others  having  a  tessellated  arrange- 
ment and  form. 

Impairment  of  Function,  a  common  symptom  of  these 
affections  of  the  middle  ear.  is  caused  by  anatomical  and  ph^^sical 
changes  in  the  sound-conducting  apparatus.  The  most  important 
of  these  changes  are  those  which  interfere  with  the  movements  of 
the  ossicles  and  of  the  structures  closing  the  fenestras.  AVhen 
such  morbid  conditions  tend  to  subside  or  can  be  removed  by 
appropriate  treatment,  as  in  acute  catarrh  and  in  many  cases 
of  acute  purulent  inflammation,  restoration  of  function  is  the 
ordinary  result.  In  the  chronic  forms  of  these  diseases,  much 
improvement  can  often  be  eflfected,  whereas  in  chronic  adhesive 
catarrh,  the  hearing-power  usually  becomes  less  and  less  as 
time  goes  on,  and  the  results  of  treatment  are  often  very 
unsatisfactory. 

The  fact  that  the  mastoid  cells  and  the  Eustachian  tubes 
frequently  participate  in  tympanic  inflammations  is  one  of  great 
importance.  The  same  morbid  process,  however,  does  not  always 
prevail  in  these  parts  at  the  same  time.  Thus  the  disease  in  the 
tympanum  may  be  of  a  purulent  character,  while  the  process  in 
the  mastoid  cells  may  be  catarrhal  in  type.  Chronic  purulent 
inflammation  of  the  tympanum  is  not  infrequently  followed  by 
acute  disease  in  the  mastoid  cells. 
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ACUTE  CATAPJill  OF  THE  MIDDLE   EAK. 

Frequency  and  Causes  of  the  Disease — Affections  of  the  Throat— Part 
Played  by  Micro-organisms — Channels  of  Access — Morbid  Appear- 
ances— Subjective  Symptoms — Impairment  of  Hearing — Subjective 
•  Sensations — Autophony — Increased  Temperature — Objective  Sym- 
ptoms— Appearance  of  the  Meatus  and  Membrane — Effects  of  the 
Air-Douche — Auscultation  and  Sounds  Heard— Diagnosis— Prognosis 
— Treatment — Attention  to  the  Xaso-Pharynx — Relief  of  Pain — 
The  Air-Douche  —  The  Operation  of  Paracentesis-- Spontaneous 
Perforation  and  its  Treatment — Treatment  of  Adenoid  Growths  and 
of  Enlarged  Tonsils,  when  Present. 


Acute  catarrh  of  the  middle  ear  is  of  somewhat  frequent  occur- 
rence ;  thirteen  per  cent,  of  aural  diseases  are  of  this  nature. 
Children  are  more  liable  to  suffer  than  adults,  and  males  are 
more  often  affected  than  females.  In  ratlier  more  than  half  the 
number  of  cases  both  ears  are  affected  ;  when  the  complaint  is 
unilateral,  it  occurs  as  frequently  in  the  right  ear  as  in  the 
left. 

Causes. — Catarrh  of  the  middle  ear  is  often  attributed  to 
exposure  to  cold ;  the  complaint  is  more  common  in  wet  and  cold, 
weather  and  in  damp  localities,  than  under  opposite  conditions. 
The  special  liability  of  children  to  suffer  from  this  disorder  is  due 
to  several  causes.  In  earh^  life,  the  lips  of  the  pharyngeal  orifice 
of  the  Eustachian  tube  are  but  slightl}"  developed,  and  closure  is 
very  apt  to  result  when  the  pharynx  is  affected  witli  catarrh.  In 
patients  of  all  ages,  catarrh  of  the  middle  ear  is  most  often  due  to 
disorders  of  the  naso-phar^^nx.  Thus  it  may  come  on  during  an 
ordinary  cold  in  the  head,  or  an  attack  of  pharyngitis ;  or  it  may 
compHcate  chronic  affections  of  the  naso-pharynx,  such  as  rhinitis 
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and  chronic  pharyngitis,  h3'pertrophY  of"  the  tonsils,  and  adenoid 
growths.  All  febrile  and  other  disorders  which  are  apt  to  be 
complicated  by  nasal  and  pharjmgeal  affections  ma}'  be  regarded 
as  predisposing  causes  of  middle-ear  catarrh.  Among  such 
diseases,  scarlet  fever,  measles,  diphtheria,  typhoid  fever,  in- 
fluenza, and  syphilis  are  those  in  which  the  tympanum  is 
especialls'  liable  to  suffer  ;  but  the  resulting  inflammation  is  more 
often  of  the  suppurative  kind.  Scrofula  is  likewise  a  predisposing 
cause  of  catarrh  of  the  middle  ear. 

The  affection  of  the  throat  which  is  most  often  associated 
with  middle-ear  catarrh  in  children  and  young  adults  is 
adenoid  growths.  They  form  a  constant  source  of  irritation  to 
the  mucous  membrane  ;  moreover,  they  may  press  upon  the 
mouths  of  the  Eustachian  tubes  and  impede  the  circulation  of 
blood  and  the  escape  of  the  secretion.  Prof.  Gruber  suggests 
that  they  may  also  act  in  another  wa}',  viz.  : — by  preventing 
the  action  of  those  muscles  of  the  tubes  which  are  contained 
in  the  soft  palate,  and  thus  interfering  with  the  ventilation 
of  the  tympana.  In  adults  obstructions  in  the  nostrils,  narrow- 
ing and  occlusion  of  the  nasal  passages  and  enlargement  of 
the  inferior  turbinate  bod}',  are  often  associated  with  middle- 
ear  catarrh,  and  require  careful  treatment.  When  these  con- 
ditions occur  in  children,  they  are  often  the  result  of  post-nasal 
growths,  and  disappear  when  the  growths  have  been  removed. 

Adenoid  growths  in  the  naso-pharynx  have  been  alreadj' 
described  in  the  chapter  on  Throat  Affections  connected  with 
the  Ear.  It  is  sufficient  to  repeat  that  these  gro^^lhs  vary  in 
size,  and  occupy  more  or  less  of  the  naso-phar^-ngeal  space. 
The}^  may  completely  occlude  the  posterior  nares,  obstruct 
the  orifices  of  the  tubes,  and  cause  the  soft  palate  to  protrude 
forwards  into  the  mouth.  When  these  groAvths  are  present, 
slight  causes  are  often  sufficient  to  excite  attacks  of  pharyn- 
geal catarrh,  with  extension  to  the  tympanum  as  a  possible 
result. 

In  the  cases  above  described,  the  propagation  of  catarrh 
from  the  naso-pharynx  to  the  tympanum  takes  place  through 
the  Eustachian  tube ;  but  when  the  orifice  of  the  latter  is 
occluded,  the  t^mipanum  is  affected  in  another  way.  The  air 
contained  in  the  cavity  is  to  some  extent  absorbed  by  the  blood- 
vessels ;    rarefaction  takes   place,  and   causes   an  indrawn   condi- 
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tion  of  the  membrane,  hypersemia  and  swelling  of  the  mucous 
lining,  and  effusion   of  fluid  (hydrops  e  vacuo). 

The  part  played  by  micro-organisms  in  causing  and  maintain- 
ing catarrh  and  inflammation  of  the  middle  ear  cannot  as  yet  be 
positively  estimated.  It  may,  however,  be  regarded  as  certain 
that  many  of  these  organisms  are  closely  connected  with  the 
development  of  the  processes  referred  to.  The  following  para- 
graphs contain  a  summary  of  the  most  recent  investigations 
on  this   subject. 

The  micro-organisms  most  often  found  in  tympanic  exudations 
are  the  diplococcus  pneumonke  and  the  streptococcits  piioijenes. 
Next  in  frequency  come  the  stapJttjlococctis  pi/ogenes  alhus  and 
aureus,  and  the  hacillas  tuhercidosis ;  less  commonly  the  pneamo- 
bacillus  of  Friedliinder,  the  hacillus  pijoci/aneas,  the  staphylococcus 
cereus  alhus,  and  the  micrococcus  tetrar/enus.  It  is  doubtful  whether 
the  two  last  are  pathogenic  in  character.  Several  kinds  of  micro- 
organisms are  often  present  at  the  same  time  ;  it  is  therefore 
difficult  to  assign  to  any  one  of  them  a  principal  share  in  the 
causation  of  inflammation.  Mr.  Kanthack's  *  researches  show 
that  in  cases  of  acute  otitis  media  pure  cultivations  of  the 
diplococcus  pneumonice  are  rarely  obtainable  ;  in  most  cases  the 
diplococcus  is  associated  with  the  st a pdiylo coccus,  and  that  even 
where  the  membrana  t3mipani  is  entire,  other  non-pathogenic 
organisms  (bacilli)  are  found.  "  We  need  not  wonder  that 
saprophytes  and  other  bacilli  find  their  way  into  the  middle  ear, 
when  we  consider  that  the  latter  communicates  with  the  naso- 
pharynx, and  thus  ^^dth  the  air ;  and  again,  that  the  hacillus 
saprogenes  I.  is  often  found  in  normal  saliva."  It  is  worthy  of 
note  that  similar  organisms  were  found  in  seven  other  cases 
in  which  exudation  was  present  in  the  t}^mpanum,  ^\'ithout 
evidence  of  any  decided  symptoms  of  inflammation.  In  cases 
of  chronic  otorrhoea,  the  diplococcus  pneumonim  was  not  discovered. 
It  would,  moreover,  seem  that  various  kinds  of  micro-organisms 
may  occur  in  succession,  and  that  inflammatory  processes  about 
to  subside  may  be  rekindled  b}'  the  advent  of  other  forms  of 
bacteria.  Thus  Zaufal's  investigations  show  that  a  pathogenic 
micro-organism,  exciting  otitis  media,  may  be  succeeded  by 
another  kind  of  organism  having  the  same  properties.  The 
diplococcus  pneumoniae  may  be  succeeded  by  the  stapJtylococcus 
*  Archives  of  Otologij^  vol.  xix.  p.  29. 
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pyogenes  alJms.  Such  a  change  is  believed  to  be  the  main 
cause  of  the  chronic  character  of  suppuration  of  the  middle  ear. 
The  original  excitant  perishes,  but  has  left  the  soil  prepared 
for  other  germs.  Zaufal's  investigations  have  also  shown  that 
in  rabbits  the  normal  tympanum  is  not  free  from  germs,  and 
that  various  micro-organisms  are  abundant  in  the  naso-pharynx. 

As  a  general  rule,  it  is  impossible  to  draw  a,nj  conclusions 
as  to  the  degree  or  course  of  the  inflammatory  process  from 
the  kind  of  micro-organism  contained  in  the  exudation.  One 
and  the  same  form  may  be  associated  with  very  different  degrees 
of  the  inflammatory  process.  No  doubt  the  virulence  of  micro- 
organisms varies  greatl}"  from  time  to  time,  and  great  differences 
exist  in  the  conditions  which  influence  their  development.  The 
actual  presence  of  bacteria  is  not  enough  to  excite  inflammation  ; 
other  circumstances,  favourable  to  the  development  and  multipli- 
cation of  the  organisms,  must  likewise  exist. 

Channels  of  Access. — There  are  several  routes  by  which  patho- 
genic micro-organisms  may  gain  access  to  the  tympanum.  As  a 
general  rule,  the  Eustachian  tube  is  the  channel  through  which 
inflammation  is  propagated.  It  is  possible  that  pathogenous 
bacteria  may  pass  through  the  tube  during  vomiting,  along  with 
a  minute  quantity  of  the  contents  of  the  stomach,  and  that  am' 
that  may  remain  in  the  throat  or  nose  may  be  forced  into  the 
tube  during  violent  expiratory  efforts.  There  is  a  second  route 
by  which  micro-organisms  may  pass  into  the  tympanum,  viz., 
through  the  blood-vessels.  It  is  possible  that  in  some  cases  of 
middle-ear  disease  connected  with  infectious  disorders,  the  excit- 
ants of  inflammation  ma}^  take  this  course,  but  actual  demonstra- 
tion has  not  yet  been  afforded.  It  is  easy  to  understand  that 
when  the  tympanic  membrane  is  perforated,  pathogenous  and 
non-pathogenous  bacteria  ma}^  pass  into  the  tympanum  and 
undergo  further  development.  It  far  less  commonly  happens 
that  inflammatory  processes  extend  to  the  tympanum  from 
neighbouring  parts,  such  as  the  external  meatus,  the  labj^rinth, 
and  the  base  of  the   skull. 

Morbid  Appearances. — The  tympanum  contains  more  or  less 
serous  exudation  mixed  with  mucus,  the  proportion  of  these 
constituents  varying  in  different  cases.  Besides  mucus,  the 
exudation  contains  a  large  number  of  epithelial  cells,  much 
swollen  and  otherwise  altered  ;  pus  corpuscles  are  likewise  often 
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present.  The  mucus  is  formed  from  the  goblet  cells  of  the 
epithelium  ;  the  mucous  membrane  itself  contains  but  very  few 
glands.  Many  of  the  epithelial  cells  are  in  a  state  of  complete 
mucoid  degeneration.  The  mucous  membrane  itself  is  reddened 
and  swollen,  either  on  distinct  spots  or  throughout  its  extent. 
The  tympanic  membrane  is  often  transparent,  and  permits  the 
level  of  the  exudation  to  be  seen  through  it ;  but  when  the 
inflammatory  processes  are  severe,  its  tissues  become  infiltrated 
and  opaque,  and  the  lustre  of  its  sm-face  is  diminished  or 
altogether  lost.  An  excessive  amount  of  exudation  may  cause 
the  membrane  to  bulge  into  the  meatus.  On  microscopical 
examination,  the  epithelial  layer  is  found  to  be  thick  and  swollen, 
the  vessels  are  enlarged  and  distended  with  blood,  and  superficial 
patches  of  infiltration  are  noticed.  Leucoc}i:es  are  mingled  with 
the  secretion  in  the  neighbourhood  of  these  patches.  Perforation 
of  the  membi-ane  rarely  occurs,  notwithstanding  the  pressure  of 
the  exudation ;  but  when  the  membrane  is  severely  implicated 
its  tissues  may  give  way.  and  the  fluid  will  then  escape  into  the 
meatus.  In  the  majority  of  cases  of  acute  catarrh  absorption 
takes  place,  and  the  process  completely  subsides.  The  symptoms, 
however,  are  liable  to  return,  and  the  complaint  not  infrequently 
assumes  a  chronic  form.  When  this  stage  has  been  reached, 
slight  causes  will  often  bring  on  acute  attacks.  In  scrofulous 
children  an  exudation,  at  first  serous  or  mucous,  is  liable  to 
become  purulent ;  perforation  of  the  membrane  is  then  likely 
to  ensue. 

Subjective  Symptoms. — In  the  majority  of  cases  the  first 
>}'mptom  of  acute  middle-ear  catarrh  is  a  feeling  of  pressure 
and  fulness  in  the  ear ;  this  sensation  rapidly  becomes  more  and 
more  marked.  The  patient,  however,  notices  that  the  feeling- 
passes  off"  at  times,  particularly  after  swallowing  and  bloAving  the 
nose.  The  improvement  is  due  to  the  opening  of  the  Eustachian 
tube,  and  its  advent  is  often  accompanied  by  a  crackling  noise. 
Pain  is  soon  experienced,  but  this  symptom  varies  greatly  in 
character.  Sometimes  it  is  very  slight ;  in  other  cases  its  severity 
is  described  as  almost  unbearable.  It  is  generally  of  a  pricking, 
boring  character,  not  confined  to  the  ear,  but  spreading  over  the 
side  of  the  head.  The  pain,  which  may  be  continuous  or  inter- 
mittent, is  mainly  due  to  increased  tension  of  the  membrana 
tympani.  as   a  result  of  the  exudation  within  the  cavity.     It  is 
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aggravated  by  sucli  movements  as  tend  to  shake  the  membrane, 
and  notably  bj^  coughing,  sneezing,  and  blowing  the  nose,  and  by 
movements  of  the  jaw.  It  sometimes  extends  to  the  mastoid 
region.  The  pain  of  catarrhal  middle-ear  inflammation  is  some- 
times very  severe  in  children,  and  exacerbations  are  very  apt  to 
occur  at  night.  As  a  general  rule,  the  pain  subsides  after  a  few 
days ;  it  may  recur,  but  with  diminished  severity.  In  some  cases 
the  affection  runs  such  a  mild  course  that  fluid  may  collect  in 
the  tympanum,  and  escape  by  perforating  a  previoush^  healthy 
tympanic  membrane  without  pain  being  produced. 

The  hearing-power  is  more  or  less  affected,  but  if  the  catarrh 
be  unilateral  the  loss  ma}^  not  be  noticed  by  the  patient.  In  some 
cases  impairment  of  hearing  is  present  from  the  commencement 
of  the  attack  ;  in  others  it  comes  on  later.  It  is  due  either  to  the 
condition  of  the  sound-conducting  apparatus,  or  to  implication 
of  the  labyrinth.  In  the  former  case  conduction  is  impaired  by 
the  swelling  of  the  mucous  lining,  and  subsequently  by  the 
thickening  of  the  tympanic  membrane,  impeded  movement  of 
the  ossicles,  and  accumulation  of  secretion.  The  deafness  varies 
greatly  in  degree,  being  sometimes  very  slight,  and  sometimes 
almost  complete.  When  the  fenestrse  are  covered  up  by  exuda- 
tion the  hearing  is  certain  to  be  much  impaired. 

Subjective  auditory  sensations  are  due  to  the  same  causes  as 
produce  the  deafness,  and  are  ver}^  variable  in  character.  Adult 
patients  are  seldom  free  from  them,  but  it  rarely  happens  that 
children  mention  them.  It  may  be  that  in  young  subjects  the 
intra-labyrinthine  tension  is  less  liable  to  vary. 

Autophony  is  another  symptom  which  is  often  noticed.  The 
patient  complains  of  the  loudness  of  his  own  voice  as  heard  in 
the  affected  ear.  Not  only  the  voice,  but  sounds  produced  on 
touching  the  head .  annoy  by  their  loudness ;  brushing  and 
combing  the  hair  are  disagreeable  to  the  patient.  This  altered 
sensation  is  due  to  closure  of  the  Eustachian  tube.  Double 
hearing  and  modifications  of  various  sounds  are  occasional 
symptoms. 

Increase  of  temperature  is  frequently  present,  especially  in 
children.  The  fever  ma\^  be  either  continuous  or  intermittent, 
and  may  not  altogether  subside  until  the  exudation  has  become 
absorbed.  More  serious  symptoms,  such  as  giddiness,  violent 
headache,    insensibility,    and    epileptiform    attacks    are   far    less 
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common  than  in  acute  purulent  inflammation,  but  they  may  occur 
d  iring  the  progress  of  catarrh  of  the  tympanum.  Giddiness  is 
due  to  pressure  upon  the  structures  of  the  labyrinth,  and  it  ma}' 
also  be  caused  by  extension  of  the  hypergemia  of  the  tympanic 
vessels,  through  the  petro-squamous  Assure  to  the  meninges. 
There  is  another  possible  cause,  viz.,  transference  of  the  irritation 
of  the  sensory  nerves  to  the  centres  which  regulate  the  equili- 
brium. Symptoms  of  facial  paralysis  are  occasionally  noticed 
during  the  course  of  middle-ear  catarrh  ;  they  are  due  to  escape 
of  effusion  into  the  Fallopian  canal  through  small  apertures  in 
the  posterior  wall  of  the  tympanum.  Other  symptoms,  rarely 
observed,  are  due  to  implication  of  the  chorda  tympani  nerve, 
and  take  the  form  of  increased  secretion  of  saliva  and  perversions 
of  taste.  Neuralgia  of  some  branches  of  the  fifth  nerve  is  some- 
times complained  of. 

Objective  Symptoms. — In  the  examination  of  a  patient  the 
surgeon's  attention  should  be  first  directed  to  the  state  of  the 
nose  and  naso-pharynx,  for  it  is  in  these  parts,  and  especially 
in  the  latter,  that  lesions  are  often  found  to  which  catarrh  of  the 
tympanum  is  due,  and  which  therefore  require  treatment.  Hence 
posterior  rhinoscopy  should  never  be  neglected,  and  the  state  of 
the  naso-pharynx  should  be  carefully  noted.  When  the  aural 
catarrh  is  connected  with  some  constitutional  disorder,  such  as 
scrofula  or  syphilis,  the  glands  about  the  ear  will  generally  be 
found  swollen. 

The  appearance  of  the  meatus  and  membrane  varies  in  different 
cases  and  in  different  stages  of  the  complaint.  Sometimes  the 
meatus  appears  normal,  but  more  often  the  integument  lining 
the  osseous  portion  is  hyperaemic  and  swollen. 

On  examining  the  membrane,  the  earliest  visible  changes  are 
diminution  of  lustre  and  increased  concavity.  The  surface  is 
usually  dull,  like  glass  that  has  been  breathed  upon ;  the  cone 
of  light  is  less  distinct  than  usual ;  the  short  process  projects,  and 
the  anterior  and  posterior  folds,  but  especially  the  latter,  become 
more  tense  and  prominent.  The  vessels  which  are  contiguous 
to  the  handle  of  the  malleus  are  considerably  enlarged,  and 
tortuous  vessels  extend  from  the  periphery  towards  the  centre. 
Sometimes  the  membrane  has  a  more  decided  polish  than 
normally  belongs  to  it ;  its  colour,  especially  at  its  lower  and 
anterior  part,  is  darker  than  usual,  or  perhaps  has  a  reddish  tinge 
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communicated  to  it  by  the  lining  membrane  of  the  tympanum. 
The  handle  of  the  malleus  remains  visible,  unless  obscured  by 
the  congested  vessels,  or  covered  by  the  posterior  fold.  The 
colour  of  the  tjmipanic  membrane  soon  becomes  changed ;  the 
red  tinge  disappears,  and  gives  place  to  a  yellowish-^vhite  or 
yellowish-green  hue.  The  change  is  owing  in  part  to  the  sub- 
sidence of  the  congestion,  but  mainh'  to  the  exudation  in  the 
cavity  of  the  tympanum.  When  the  secretion  is  copious,  and  the 
membrane  is  inflamed,  it  may  bulge  out  towards  the  meatus ; 
otherwise  it  may  be  in  its  normal  position,  or  even  depressed. 
The  latter  condition  is  the  result  of  atmospheric  pressure  acting 
on  it  after  the  air  which  was  in  the  tympanum  has  been  almost 
or  entirely  absorbed,  and  more  cannot  enter  on  account  of  the 
swollen  condition  of  the  Eustachian  tube.  The  colour  of  the 
membrane,    as    above    described,    is    verv    marked    in    its    lower 


Fig.  93.  Fig.  94.        Fig.  95. 

Fig.  93.    The  right  ear  of  a  gentleman,  aged  56,  showhig  the  tympanum  filled  with  fluid,  with 

the  exception  of  the  space  occupied  by  a  bubble  in  the  upper  anterior  segment,  and  another 

in  the  posterior  segment. 
Fig.  94  shows  the  appearance  of  the  same  ear  after  a  little  air  had  been  injected,  and  before  the 

bubbles  had  time  to  rise  to  the  top  of  the  fluid  and  coalesce. 
Fig.  95.     The  .same  ear  a  few  days  after  the   membrane  had  been  punctured  and   the  fluid 

evacuated,  showing  the  fluid  beginning  to  re-accumulate. 

segment.  Sometimes  j^ellowish  specks  are  visible ;  these  are 
caused  by  tiny  patches  of  exudation  adherent  to  the  internal 
surface  of  the  membrane.  Sometimes  a  line  corresponding  with 
the  surface  of  the  fluid  is  clearly  discernible ;  this  is  usually  more 
or  less  curved,  with  the  concavity  directed  upwards.  In  other 
cases  the  highest  point  of  the  exudation  is  at  the  umbo,  whence 
the  surface  slopes  towards  the  periphery  on  each  side.  Below 
this  line  the  j^ellowish  or  greenish  tint  of  the  membrane  is  more 
pronounced.  It  less  frequently  happens  that  without  any  decided 
change  in  the  lower  part  of  the  membrane  its  surface  appears 
to  be  crossed  by  one  or  .two  very  fine  lines,  resembling  hairs. 
When  the  exudation  is  visible,  movement  of  the  head  forwards 
or  backwards  will  cause  an  alteration  in  the  level  of  the  fluid 
and  in  the  colour  of  portions  of  the  membrane. 

Effects  produced    by   the    Injection    of   Air.  —  The   exudation, 
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as  visible  thvougli  the  membrana  tympani,  presents  a  different 
appearance  when  air  is  introduced  by  means  of  a  Politzer's  bag, 
or  through  a  catheter  (Fig.  94).  The  surface  line  is  no  longer 
visible,  and  the  yellow  colouration  is  succeeded  by  a  number  of 
small,  dark  circles  which  may  move  about  and  then  disappear. 
These  are  air-bubbles,  produced  by  the  inflation.  At  the  same 
time  the  hearing-power  is  decidedly  improved,  unless  the  tympanic 
cavity  be  quite  filled  with  exudation.  As  tested  by  the  watch, 
bone-conduction,  which  may  have  been  much  impaired  by  the 
exudation,  is  likewise  restored  after  air  has  been  injected.  The 
tuning-fork  test,  when  the  affection  is  unilateral,  gives  the 
following  results — increased  perception  on  the  affected  side  with 
Weber's  experiment,  and  "negative"  with  Rinne's  test. 

On  auscultation  whilst  air  is  being  injected,  rattling  sounds 
or  rales  are  generally  heard.  These  seem  to  originate  near 
the  ear  of  the  observer;  their  character  varies  according  to 
the  quantity  and  quality  of  the  secretion.  When  the  latter  is 
thin  and  serous,  the  sounds  may  be  described  as  "  crackling ;  " 
when  it  is  mucous  and  viscid,  "bubbling"  sounds  are  heard.  No 
sound  is  produced  when  the  tympanum  is  completely  filled  up 
with  exudation,  or  when  the  Eustachian  tube  is  impermeable 
to  air.  Even  when  exudation  is  present  no  bubbling  sound  will 
be  caused  by  the  entrance  of  air,  unless  the  fluid  be  thrown  into 
agitation.  This  result  is  also  noticed  when  the  exudation  is  small 
in  quantity,  and  just  covers  the  floor  of  the  tympanic  cavit3^  It 
must  be  remembered  that  several  injections  of  air  may  be  required, 
before  any  sound  is  produced  ;  the  first  attempts  may  only  suffice 
to  overcome  the  resistance  of  the  walls  of  the  Eustachian  tube. 
The  sound  is  likely  to  be  of  a  very  indefinite  character  when 
the  tympanum  contains  a  little  tenacious  secretion ;  in  such 
cases,  a  distinct  pop  may  sometimes  be  heard  after  the  air-bag 
has  been  emptied  several  times. 

The  Diagnosis  of  acute  middle-ear  catarrh  is  for  the  most  part 
easily  made;  the  objective  symptoms  are  sufficiently  characteristic. 
In  doubtful  cases  the  results  following  upon  the  injection  of  air 
will   establish  the  diagnosis. 

Prognosis. — This  is  favourable  in  the  majority  of  recent  cases, 
provided  that  suitable  treatment  be  adopted.  When  the  catarrh 
has  lasted  for  some  time,  the  prospect  is  less  favourable  ;  adhesions 
may  have  formed  and  the  changes  in  the  mucous  membrane  may 
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be  but  slightly  iiiHueiiced  by  treatment.  The  following  condi- 
tions may  be  regarded  as  unfavourable :  a  decided  tendency 
towards  relapse  and  chronic  stages  ;  the  supervention  of  purulent 
inflammation ;  complications  in  the  labyrinth  ;  syphilis  ;  tuber- 
culosis,  anaemia,  and  exhausting  diseases  in  general. 

The  tendenc}^  towards  relapse  is  apt  to  be  very  marked  in 
cases  of  chronic  disease  of  the  nose  and  pharynx.  The  results 
of  inflation  of  the  middle  ear  greatly  influence  the  prognosis. 
If  hearing-power  be  considerably  improved  when  this  method 
is  employed,  the  prospect  is  decidedly  good ;  if  there  be  little 
or  no  alteration,  the  chances  of  recovery  are  proportionately 
doubtful.  AVhen  there  are  evidences  of  labyrinthine  mischief, 
little  if  any  improvement  can  be  expected. 

The  duration  of  the  disease  in  ordinary'  cases  is  from  two 
to  six  weeks.  Pain  is  usually  the  first  symptom  to  subside ; 
later  on  the  hearing-power  is  recovered,  and  tinnitus  ceases  to 
be  troublesome.  This  last  symptom  may.  however,  continue 
for  some  time  after  all  other  signs  of  the  disease  have  dis- 
appeared. The  habits  of  the  patient,  especially  as  regards 
alcohol,  and  the  general  state  of  health,  must  be  borne  in 
mind  in  estimating  the  chances  of  recovery.  In  all  cases  of 
acute  middle-ear  catarrh,  the  patient  should  be  made  aware 
of  the  possibility  of  recurrence,  and  of  the  supervention  of  a 
chronic  stage. 

Treatment. — In  the  treatment  of  acute  middle-ear  catarrh  there 
are  two  principal  objects  to  be  kept  in  view.  viz..  to  cure  the 
local  aff*ection,  or  to  diminish  the  severity  of  the  process  ;  and 
secondh^  to  prevent  relapses.  Confinement  to  the  house  is  always 
desirable,  and  should  be  prescribed  even  for  mild  cases.  When 
there  are  any  signs  of  fever,  the  patient  should  be  kept  in  bed. 
All  causes  tending  to  produce  congestion  of  the  head  must  be 
carefully  avoided ;  the  diet  should  be  of  a  light,  non-stimulating 
character,  and  alcoholic  fluids  and  tobacco  should  be  forbidden. 
The  state  of  the  bowels  requires  attention  ;  purgatives,  and 
especiall}-  salines,  are  generally  indicated.  For  the  direct 
treatment  of  the  catarrh  a  careful  examination  of  the  naso- 
pharynx should  be  made,  inasmuch  as  the  starting-point  of  the 
disease  is  often  to  be  found  in  that  part.  The  treatment  of  the 
antecedent  disorder  has  been  described  in  a  previous  chapter, 
which  dealt  with  the  affections  of  that  reoion. 
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Treatment  must  next  be  adopted  for  the  relief  of  the  pain 
in  the  ear.  For  this  purpose  two  or  three,  or  even  more, 
leeches  may  be  applied  in  front  of  the  tragus  and  in  the  sulcus 
behind  the  lobule  immediately  beneath  the  meatus.  Cold  com- 
presses may  be  placed  over  the  auricle  and  side  of  the  neck. 
Leiter's  apparatus  is  convenient  for  the  application  of  cold. 
Various  anodyne  solutions  are  sometimes  serviceable.  Those 
most  likely  to  prove  efficacious  are  a  20  per  cent,  solution  of 
hydrochlorate  of  cocaine,  a  solution  of  acetate  or  hydrochlorate 
of  morphia — two  grains  to  one  drachm,  or  a  2 — 10  per  cent, 
solution  of  atropin  and  cocaine,  four  or  five  drops  of  which 
may  be  used  at  a  time.  The  effects  should  be  carefully  noticed. 
(>SV3e  page  139  for  method  of  warming  drops.)  Politzer*  recom- 
mends a  mixture  of  acetate  of  morphine  and  olive  oil  (1  to  50)  to 
be  warmed  and  introduced  into  the  meatus  on  cotton-wool,  or 
a  mixture  of  olive  oil  and  chloroform  (equal  parts)  to  be  dropped 
on  a  piece  of  \^'adding  and  applied  over  the  ear.  Glycerine  of 
carbolic  acid  (introduced  into  the  meatus  on  cotton-wool)  will 
also  tend  to  relieve  the  pain.  Bendelack  Hewetsoii,  of  Leeds, 
strongly  advocates  the  employment  of  this  remedy,  and  his 
experience  is  confirmed  by  that  of  Rohrer  and  Hartmann. 
The  former  recommends  the  introduction  of  a  tampon,  with 
one  drop  of  glycerine  of  carbolic  acid.  Warm  poultices,  \\^arm 
fomentation,  steaming  the  ear,  etc.,  must  never  be  employed  ;. 
they  are  liable  to  cause  softening  and  disintegration  of  thc' 
membrana  tympani.  In  the  case  of  children  the  pain  may 
be   relieved  by  expiring  into  the   ear. 

The  Introduction  of  Air. — The  most  important  part  of  the 
local  treatment  consists  in  the  introduction  of  air,  the  effects 
of  which  are  to  modify  the  condition  of  the  tympanum  by 
restoring  the  permeability  of  the  Eustachian  tube,  relieving 
the  pressure  on  the  ossicles  and  membrane,  scattering  accu- 
mulated secretion  and  promoting  its  absorption.  The  prevention 
of  adhesions  between  various  structures  of  the  tympanum  is 
another  result  to  be  desired.  These  objects  may  be  attained 
either  by  Politzer's  method,  or  by  means  of  the  Eustachian 
catheter.  The  former  should  be  reserved  for  children ;  the  latter 
is  more  suitable  for  adults.  When  pain  is  a  prominent  symptom, 
and  the  tj-mpanic  membrane  is  reddened  and  swollen,  the  air- 
*  Lehrhiich  der  Ohreiiheilhunde,  AuH.  II.  p.  269. 
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douche  should  be  euiployed  ^vitll  great  caution,  lest  the  membrane 
should  be  ruptured  or  the  symptoms  of  inflammation  aggravated 
rather  than  improved.  The  possibility  of  forcing  micro-organisms 
into  the  tjmpanum  must  not  be  forgotten  ;  this  drawback  apper- 
tains especially  to  Politzer's  method,  which  acts  upon  the  air 
in  the  naso-pharynx.  When  only  one  ear  is  affected,  the  use  of 
the  catheter  is  decidedly  preferable ;  the  force  of  the  injection  can 
be  accurately  graduated,  and  no  injury  is  likely  to  be  produced  in 
the  sound  ear.  A  two  per  cent,  solution  of  cocaine  should,  as 
usual,  be  previously  sprayed  into  the  nostrils. 

Besides,  however,  being  suitable  for  children.  Politzer's 
method  should  be  adopted  whenever,  for  any  reason,  the  catheter 
cannot  be  employed  ;  in  some  cases,  it  may  be  practised  by  the 
patients  themselves.  Air  should  be  injected  daily,  and  thus 
continued  until  the  improvement  produced  in  the  hearing-power 
remains  unaltered  after  the  lapse  of  twenty-four  hours,  and 
the  tympanic  membrane  resumes  its  normal  appearance.  As  a 
general  rule,  this  treatment  should  be  continued  daily  for  ten  or 
twelve  days,  and  afterwards  less  frequently. 

In  the  ma-jority  of  cases  the  introduction  of  air,  aided  by  the 
other  measures  already  described,  will  suffice  to  bring  about 
complete  recovery.  When,  however,  the  symptoms  appear  to  be 
unaffected  by  treatment,  it  may  become  necessary  to  make  an 
opening  in  the  membrana  tjmipani.  The  operation  is  indicated 
when  the  cavity  contains  secretion,  and  when  the  symptoms  are 
accompanied  by  severe  deep-seated  pain  and  fever.  Under  the 
latter  circumstances,  neither  Politzer's  method  nor  the  use  of  the 
catheter  will  prove  efficacious  ;  on  the  other  hand,  the  injection  of 
air  into  the  ear  will  tend  to  aggravate  the  pain  and  inflammation. 
Moreover,  not  only  treatment  of  this  character,  but  even  the  act 
of  blowiup-  the  nose  somewhat  violentlv  mav  drive  exudation  from 
the  tympanum  into  the  mastoid  cells,  and  there  set  up  violent 
inflammation.  In  these  severe  cases,  the  exudation  is  rarely 
absorbed ;  as  a  general  rule,  the  membrane  speedily  becomes 
ruptured. 

The  Operation  of  Paracentesis. — If  the  accumulation  be  not 
very  great,  and  the  membrane  not  much  reddened  nor  very  tense 
and  bulging,  and  especiall}^  if  the  pain  be  only  slight  or  moderate, 
the  operation  of  paracentesis  may  be  deferred,  while  treatment 
is    directed    to  the   nares   and   throat,   as    alreadv    described.     A 
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blister*  or  mustard  plaster,  or  if  symptoms  are  only  very  slight  the 
liniment  or  tincture  of  iodine  may  be  applied  to  the  mastoid 
process,  and  a  few  drops  of  a  10 — 20  per  cent,  solution  of  cocaine 
may  be  placed  in  the  ear.  The  advice  already  given  as  to  diet 
and  general  regimen  must  be  strictly  followed.  Under  this 
treatment,  the  quantity  of  exudation  may  be  expected  to  diminish 
in  a  few  days  ;  the  bulging  of  the  posterior  part  of  the  membrane 
then  becomes  less  prominent,  and  at  the  same  time  a  gradual 
detachment  of  the  epidermis  may  be  observed  to  take  place, 
whereby  the  membrane  assumes  a  mottled  appearance.  After 
the  inflammation  has  subsided,  the  epidermal  layer  of  the 
tympanic  membrane  sometimes  becomes  detached  as  a  ^^'hole.  and 
fills  up  the  meatus.  This  layer  may  be  mistaken  for  the  membrane 
itself;  but  it  may  be  distinguished  by  its  funnel-shaped  form 
and  dull  appearance.  It  readily  gives  way  when  touched  with  a 
probe. 


Fig.  96. 

A  MYRIXGOTO.ArE. 

When  the  accumulation  is  considerable  and  the  membrane  is 
tense  and  bulging,  and  especially  if  there  be  high  fever  and  any 
sign  of  implication  of  the  meninges,  the  operation  of  paracentesis 
should  not  be  delayed.  A  small  lance-shaped  knife  is  the  best 
instrument  for  this  purpose  ;  it  should  be  thoroughly  disinfected 
by  holding  it  for  several  minutes  in  boiling  water  or  in  absolute 
alcohol,  and  then  drying  it  with  sterilised  cotton-wool.  In  order 
to  provide  for  the  escape  of  the  secretion,  it  is  desirable  to  make 
an  incision  rather  more  than  the  sixteenth  of  an  inch  in  lenpth. 
the  best  spot  to  select  being  in  the  inferior  half  of  the  membrane, 
between  the  umbo  and  the  posterior  inferior  margin  of  the  meatus. 
The  incision  into  the  membrane  sometimes  causes  sharp  pain, 
and  some  anaesthetic  is  therefore  necessary.  Cocaine  is  usually 
sufficient  ;  a  few  drops  of  a  warm   20  per  cent,   solution  may  be 

*  The  blistering  fluid  (Emp.  Cantharidinis  Liquid.),  which  has  been  used  for 
many  years  at  the  Royal  London  Ophthalmic  Hospital,  is  a  very  good  prepara- 
tion; and,  in  consequence  of  its  greater  consistency,  is  much  less  liable  to  run 
from  the  place  to  which  it  has  been  applied  than  the  B.P.  form.  It  is  manu- 
factured by  T.  and  H.  Smith  .^  Co.,  12,  Worship  Street,  London,  E.G. 
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dropper!  into  the  ear,  or  the  meatus  may  be  filled  with  the  same 
fluid.  Before  using  the  cocaine,  however,  the  meatus  should  be 
thoroughly  syringed  out  with  a  solution  of  perchloride  of  mercury 
(tV  P®i'  cent.).  It  should  then  be  dried  with  cotton-wool,  after 
which  the  cocaine  solution  may  be  introduced  and  allowed  to 
remain  for  about  five  minutes.  If  the  cocaine  be  insufficient, 
chloroform  must  be  administered.  A  good  light  must  be  thrown 
upon  the  membrane,  and  the  patient's  head  carefully  held  while 
the  incision  is  made. 

The  incision  is  followed  by  the  discharge  of  muco-serous 
secretion,  sometimes  in  considerable  quantity.  Its  escape  may 
require  to  be  expedited  b}^  air-propulsion  ;  for  this  purpose  a 
Politzer's  inflation  may  be  given,  or,  what  is  better,  air  injected 
through  a  catheter.  A  piece  of  absorbent  wool  should  be 
previously  placed  against  the  opening  in  the  membrane  to  take  up 
all  the  fluid  which  escapes.  The  advantages  of  a  catheter  are  that 
the  force  of  the  air  injected  can  be  regulated  according  to  the 
consistence  of  the  fluid,  and  the  sound  produced  by  the  air 
indicates  whether  or  not  all  the  secretion  has  been  removed. 
Whilst  fluid  remains  in  the  tympanum,  a  bubbling  sound  will  be 
heard  through  the  auscultation  tube  whenever  air  is  injected  ;  but 
as  soon  as  the  cavity  is  emptied  only  a  blowing  sound  will  be 
perceived. 

As  a  general  rule,  scarcely  a  drop  of  blood  escapes  after  the 
puncture,  unless  there  be  considerable  hyperaemia  of  the  mem- 
brane. In  a  few  cases,  the  operation  has  been  attended  with  very 
considerable  hasmorrhage.  In  one  of  these,*  the  knife  passed 
through  the  floor  of  the  tympanum  into  the  commencement  of  the 
internal  jugular  vein.  The  hgemorrhage  was  arrested  by  a  tampon 
of  iodoform  gauze.  With  ordinary  precautions  such  an  accident 
could  not  occur. 

When  the  operation  is  completed,  the  parts  should  be  carefully 
dried  with  carbolised  cotton-wool,  and  a  plug  should  be  retained 
in  the  meatus.  The  patient  must  be  kept  in  bed,  or  at  rest  in  his 
room,  until  the  wound  in  the  membrane  has  healed.  Air  should 
be  injected  several  times  daily  in  order  to  prevent  a  too  rapid 
closure  of  the  opening  and  to  remove  secretion  from  the  cavity. 
The  wound  generally  heals  in  three  or  four  days,  but  it  ma}^  do 
so  in  a  few  hours.  Injections  of  air  should  be  continued  for 
*  Arckivfiir  Ohrenheilhinde,  xxix.  p.  234. 
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some  time  afterwards,  and  until  the  hearing-power  is  restored. 
Should  the  exudation  continue  after  the  wound  has  healed,  it  will 
be  necessary  to  make  another  opening.  When  this  occurs,  the 
opening  should  again  be  made  in  the  position  of  the  former  one. 
in  order   to  prevent  unnecessary  injury   to  the    membrane. 

In  a  large  majority  of  cases,  paracentesis  of  the  tympanic 
membrane  does  not  give  rise  to  any  inflammatory  symptoms ;  but 
occasionally  the  operation  is  followed  by  evidences  of  acute 
purulent  otitis.  So  undesirable  a  result  has  caused  the  operation 
to  be  regarded  with  disfavour  by  some  authorities ;  but  there  can 
be  no  doubt  as  to  its  beneficial  effects  as  a  general  rule.  The 
possibility  of  aggravating  the  condition  should,  however,  be  borne 
in  mind,  and  should  emphasise  the  necessity  of  adopting  anti- 
septic and  other  precautions. 

Spontaneous  Perforation  of  the  Membrane. — In  some  cases  of 
acute  catarrh  of  the  tympanum,  rupture  of  the  membrane  occurs 
spontaneously,  and  the  surgeon,  ^^•hen  first  consulted,  finds  that 
there  is  a  muco-purulent  or  purulent  discharge  from  the  ear. 
When  this  is  the  case,  the  pain  and  sensation  of  fulness  will  have 
greatly  diminished,  but  the  deafness  and  the  noises  in  the  ear  may 
have  become  more  marked,  owing  to  increase  of  exudation,  and 
secondary  inflammation  of  the  membrane.  In  such  cases,  after 
removing  the  discharge  by  syringing  and  drjdng  the  meatus  ^^■ith 
cotton-wool,  the  membrane  may  be  seen  to  be  much  reddened,  so 
that  the  parts  usually  observable,  such  as  the  handle  and  short 
process  of  the  malleus,  can  no  longer  be  made  out.  The  perfora- 
tion appears  as  a  yellowish-grey  spot,  pulsating  simultaneously 
with  the  pulse  at  the  wrist.  This  phenomenon  is  due  to  the  fact 
that  the  impulse  of  the  pulse-wave  in  the  dilated  vessels  of  the 
hyperaemic  tissue  of  the  tympanum  and  membrane,  or  in  the 
internal  carotid,  is  transferred  to  the  layer  of  fluid  covering  these 
parts,  and  when  they  are  illuminated  the  movement  becomes 
manifest. 

When  a  discharge  from  the  ear  has  become  established,  as  a 
result  of  spontaneous  rupture  of  the  membrane,  the  meatus  must 
be  cleansed  once  or  twice  daily  by  syringing  Avith  lukewarm 
water.  An  alkaline  solution  (Sodi'i  Bicarb,  gr.  iv.  to  §j.)  is  more 
efficacious  than  plain  water  ;  and  boric  acid  in  solution  may  also 
1)e  used  with  advantage  (gr.  v. — xv.  to  §j.).  The  latter  drug- 
reduced  to  a  fine  powder  should  be  blown  into  the  ear  after  the 
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meatus  has  been  thoroughly  syringed  out  and  dried  with  cotton- 
wool. When  the  discharge  is  purulent  it  is  sometimes  advisable 
to  syringe  the  ear  with  a  solution  of  carbolic  acid,  1  in  60  to  80, 
or  of  perchloride  of  mercury,  1  in  1,000  to  2,000. 

In  exceptional  cases,  when  the  exudation  is  very  tenacious,  it 
may  be  advisable  to  syringe  out  the  meatus  with  a  warm  solution 
of  bicarbonate  of  soda  or  chloride  of  sodium  (one  or  two  per 
cent.),  and  to  inject  this  fluid  through  the  Eustachian  catheter  and 
wash  out  the  tympanum.  The  tympanic  mucous  membrane, 
although  very  sensitive  when  in  a  normal  condition,  is  not 
irritated  by  these  injections  when  its  tissue  is  relaxed  and  swollen 
after  an  attack  of  inflammation.  On  the  other  hand,  in  favourable 
cases,  this  treatment  is  followed  by  closure  of  the  perforation  and 
cessation  of  all  symptoms  in  from  ten  to  fourteen  days. 

When  the  opening  in  the  membrane,  whether  spontaneous  or 
made  by  the  knife,  proves  too  small,  so  that  the  exudation  is 
still  retained,  it  must  be  sufficiently  enlarged.  This  operation 
will  be  followed  by  escape  of  secretion,  restoration  of  the  mem- 
brane to  its  normal  position,  and  cessation  of  the  pain  in  the  ear 
and  side  of  the  head. 

The  external  meatus  often  participates  in  the  inflammation, 
becoming  red,  injected,  and  swollen,  and  this  condition  is  apt  to 
be  maintained  by  the  irritating  discharge.  The  inflammation, 
however,  subsides  under  the  use  of  the  remedies  applied  to  the 
tympanum  ;  the  insufflation  of  powdered  boric  acid  generally  has 
a  good  effect ;  but  if  it  irritates,  the  drug  may  be  applied  in  the 
form  of  a  saturated  solution. 

In  children  especially,  adenoid  growths  are  frequently  present, 
and  these  gro%^i:hs  are  common  causes  of  aural  catarrh.  If  found 
they  must  be  removed  in  the  manner  described  in  the  previous 
chapter  (see  page  280)  as  soon  as  convenient  after  the  present 
affection  has  subsided. 

Hypertrophy  of  the  tonsils  is  another  cause  of  middle-ear 
catarrh.  The  treatment  consists  in  the  removal  of  the  tonsils  (see 
page  261),  or  of  a  portion  thereof,  by  means  of  the  guillotine.  If 
the  patient  will  not  submit  to  this  treatment,  an  attempt  may  be 
made  to  diminish  the  size  of  the  tonsils  by  the  daily  application 
of  Tinct.  lodi  on  a  camel-hair  brush,  and  by  the  internal  adminis- 
tration of  the  Syrupus  Ferri  lodidi. 
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CHRONIC  CATARRH  OF  THE  MIDDLE  EAR. 

Chronic  Catarrh  of  the  Tympanum — Frequency  and  Forms,  Catarrhal  and 
Adhesive — Causes — Affections  of  the  Eustachian  Tube — Anatomical 
Appearances — Subjective  Symptoms — Deafness,  Noises  in  the  Ear, 
Giddiness,  Autophony,  Paracusis,  etc.  —  Objective  Appearances — 
Condition  of  Membrana  Tympani — Use  of  the  Catheter  and  Air- 
Douche — Effects  on  Appearances — Perforation  of  the  Membrane — 
Course — Diagnosis  and  Prognosis — Treatment. — Attention  to  State 
of  Naso-Pharynx— The  Air-Douche,  Politzer's  Method,  the  Catheter 
— Chloride  of  Ammonium  Vapour  and  Remedies  in  Fluid  Form — 
The  Use  of  Siegle's  Speculum — Paracentesis  and  Plicotomy — General 
Treatment  of  Chronic  Middle-Ear  Catarrh, 

Chronic    Catarrh    of  the    Tympanum  is   a  decidedly 

common  disease ;  about  twenty  per  cent,  of  all  cases  of  aural 
affections  come  under  this  heading.  Adults  form  the  majority  of 
patients,  and  both  sexes  are  equally  liable  to  suffer.  As  a  general 
rule,  both  ears  are  affected  ;  when  the  complaint  is  unilateral,  the 
left  ear  is  more  often  attacked  than  the  right. 

A  chronic  stage  often  follows  an  acute  attack  of  middle-ear 
catarrh  ;  but  in  a  considerable  proportion  of  cases,  there  is  no 
history  of  any  definitely  acute  symptoms.  Chronic  catarrh 
appears  in  two  principal  forms :  in  one,  the  process  is  mainly 
catarrhal,  i.e.,  accompanied  by  more  or  less  abundant  secretion  ; 
in  the  second,  the  process  is  marked  by  hyperplasia  of  the  mucous 
membrane,  adhesions  between  various  parts,  and  thickening  and 
condensation  of  tissues.  To  this  latter  form,  the  term  "  dry 
catarrh  "  has  been  applied.  There  is  no  strict  line  of  demarcation 
between  these  two  types,  inasmuch  as  the  strictly  catarrhal  form 
may  pass  into  the  adhesive  or  sclerotic  type  of  the  disorder,  and 
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mixed  forms  often  occur.  Nevertheless,  it  seems  advisable  to 
consider  separately  the  catarrhal  form,  and  to  devote  another 
•chapter  to  the  description  of  the  adhesive  processes  and  their 
consequences. 

Causes. — As  already  stated,  a  chronic  stage  may  follow  an 
acute  attack,  or  the  symptoms  may  be  gradually  and  slowly 
developed.  In  the  latter  class  of  cases  they  are.  for  the  most 
part,  due  to  extension  from  the  naso-pharynx,  and  may  occur 
in  the  course  of  scarlet  fever,  measles,  syphilis,  and  scrofula.  In 
some  patients,  the  aural  affection  is  associated  with  obstructive 
diseases  of  the  heart  or  lungs.  Exposure  to  cold  and  wet  is  often 
mentioned  as  the  probable  cause  of  the  complaint.  In  some 
patients,  excessive  indulgence  in  tobacco  and  alcohol  seems  to 
have  provoked  the  disease.  Hereditary  predisposition  is  often 
traceable  in  this  as  in  other  affections  of  the  ear,  and  several 
members  of  a  family  are  not  infrequently  found  to  be  suffering 
from  chronic  aural  catarrh.  Hereditary  predisposition  to  naso- 
pharyngeal catarrh  is  often  noticed,  and  when  this  exists  the 
development  of  aural  disease  is  only  too  probable.  According  to 
some  authorities,  certain  anatomical  peculiarities  of  the  tjan- 
panum,  e.g.,  abnormal  smallness  of  the  cavity  and  of  the  fenestrae, 
are  hereditaril}^  transmitted,  and  these  abnormalities  are  thought 
to  favour  the  development  of  aural  catarrh. 

Affections  of  the  Eustachian  tube  play  a  considerable  part  in 
the  causation  of  chronic  middle-ear  catarrh.  If  this  channel  for 
the  ventilation  of  the  tympanum  be  occluded,  the  air  in  the  cavity 
becomes  rarefied,  and  the  same  effect  is  produced  when  the 
tympanic  orifice  of  the  tube  is  blocked  up  b}^  swelling  of  the 
lining  membrane.  Under  such  circumstances,  the  membrana 
tympani  is  drawn  still  more  inwards,  and  becomes  less  trans- 
parent, and  serous  fluid  may  be  exuded  into  the  cavity.  When 
the  exudation  is  mucous  and  viscid,  the  membrane  usuallj' 
remains  depressed  ;  it  tends  to  bulge  into  the  meatus  only  when 
its  tissue  is  softened  or  the  quantity  of  fluid  contained  in  the 
tympanum  is  very  large.  In  severe  cases,  the  tympanic  cavit}^ 
and  the  mastoid  cells  are  filled  with  exudation.  The  adhesive 
form  of  chronic  catarrh  may  constitute  another  stage  of  the 
process. 

Anatomical  Appearances. — In  the  early  stages,  the  tjrmpanum 
contains  more  or  less  exudation,  which  may  be  serous,  mucous,  or 
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muco-pnrulent  in  character.  It  is  usually  viscid  and  tenacious, 
and  adherent  to  the  surface  of  the  lining  membrane.  The 
mucous  membrane  is  decidedly  thickened,  this  change  depending 
partly  upon  small-celled  infiltration  and  increased  supply  of  blood, 
but  mainly  upon  proliferation  of  the  cellular  elements  of  the  mem- 
brane itself.  The  connective  tissue  is  increased  in  quantity  and 
contains  a  large  number  of  spindle-shaped  cells  ;  later  on,  the 
tissue  becomes  more  fibrous  in  character  and  the  cells  are  less 
abundant.  The  mucous  membrane  in  the  neighbourhood  of  the 
fenestrae,  and  the  mucous  covering  of  the  ossicles  are  especially 
affected  ;  and  there  is  often  marked  thickening  of  the  membrane 
lining  the  floor  of  the  cavity.  With  the  development  of  the 
process,  the  ossicles  become  embedded  in  the  swollen  tissue, 
and  the  fenestrge  are  almost  completely  hidden  from  view. 
Mucous  surfaces  thus  come  into  contact,  and  adhesions  take 
place ;  as  the  swelling  subsides  in  consequence  of  retrogressive 
metamorphosis,  bands  and  membranes  extend  between  the  sur- 
faces. The  ossicles  themselves  undergo  various  changes  of  an 
inflammatory  character,  and  the  process  not  infrequently  extends 
from  the  inner  wedl  of  the  tympanic  cavity  to  the  labyrinth.  The 
formation  of  exostoses  is  another  result,  and  ankjdosis  of  the  base 
of  the  stapes  is  perhaps  the  most  frequent  consequence  of  disease 
of  the  ossicles.  The  condition  is  due  either  to  calcareous  deposit 
around  the  base  of  the  bone  or  to  proliferation  of  the  cartilaginous 
covering  ;  in  other  cases,  there  is  true  osseous  union  (synostosis). 
Similar  changes  are  sometimes  found  in  the  articulation  between 
the  malleus  and  incus. 

The  Membrana  Tympani  is  always  more  or  less  involved.  The 
change  most  commonly  observed  is  thickening  as  a  result  of 
hyperplasia  of  its  mucous  membrane.  AVhen,  however,  owing  to 
persistent  closure  of  the  Eustachian  tube,  the  membrane  remains 
indrawn  for  a  long  period,  it  is  liable  to  become  thin  and 
atrophied.  When  thickened,  the  membrane  appears  dull  and 
more  or  less  opaque,  and  loses  its  elasticity;  these  changes  are 
usually  most  marked  at  the  periphery.  Calcareous  deposits  are 
sometimes  observed. 

Subjective  Symptoms. — Unless  the  complaint  has  supervened 
upon  an  acute  attack,  the  early  symptoms,  in  many  cases,  are  of 
an  indefinite  chai'acter,  and  the  patients  are  unable  clearly  to 
indicate  their  duration.      Deafness  is  always  present ;  but  when 
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only  one  ear  is  affected,  the  loss  of  function  may  be  unnoticed 
for  a  considerable  period,  and  in  the  case  of  children,  impaired 
hearing  on  both  sides  may  be  attributed  to  inattention.  Even 
adults,  with  both  ears  affected,  are  often  unaware  of  an}^  loss  of 
function  until  the  condition  has  become  very  pronounced.  Thej'' 
unconsciously  supplement  their  hearing-power  by  lip-reading, 
and  by  filling  up  gaps  in  conversation  by  guesswork.  It  is, 
moreover,  a  common  habit  of  deaf  persons  to  attribute  their 
incapacit}'  to  imperfect  articulation  on  the  part  of  the  speaker, 
rather  than  to  any  defect  in  their  own  organs  of  hearing.  Sooner 
or  later,  however,  in  these  cases  of  chronic  catarrh,  the  hearing- 
power  becomes  decidedly  impaired,  so  that  the  patients  cannot  fail 
to  be  aware  of  their  loss.  Implication  of  the  cochlea  causes  loss  of 
hearing-power  for  high  notes.  Absolute  deafness  seldom  or  never 
occurs,  except  as  a  result  of  the  further  stages.  Pain  is  sometimes 
complained  of;  it  is  generally  due  to  exacerbation  of  the  catarrh. 

Noises  in  the  Ear  constitute  another  symptom  which  is  almost 
invariably  present.  In  many  cases  the  tinnitus  is  the  first  indi- 
cation of  aural  mischief,  and  the  one  that  causes  the  patient  to 
seek  relief  from  treatment.  In  another  class,  almost  or  quite  as 
numerous,  the  tinnitus  accompanies  the  later  stages  of  the 
affection,  and  proves  very  obstinate  and  troublesome.  The  noises 
var}'  in  character  and  intensity  ;  the}'  are  described  by  different 
patients  as  ''  singing,"  "  whistling."  "  buzzing."  "  blowing," 
"roaring."  etc.  They  are  either  continuous  or  intermittent; 
sometimes  they  are  synchronous  with  the  cardiac  pulsations,  and 
sometimes  altogether  irregular  in  rh3'thm.  Sounds  either  of  a 
very  high  or  of  a  very  low  pitch  for  the  most  part  indicate  an 
advanced  stage  of  the  disease,  with  implication  of  the  labyrinth. 
When  only  slight,  they  may  give  the  patient  but  little  trouble ; 
but  when  loud  and  constant,  they  prove  very  distressing.  It  is 
often  noticed  that  they  are  aggravated  by  excitement,  and  by 
severe  bodily  or  mental  exertion,  by  conditions  of  exhaustion,  and 
by  excessive  indulgence  in  alcohol  and  tobacco. 

Entotic  sounds,  i.e.,  those  originating  in  the  ear  itself  or  in  its 
immediate  neighbourhood,  are  less  often  complained  of.  The}' 
are  due  to  clonic  spasms  of  the  tensor  tympani  and  the  muscles 
of  the  Eustachian  tube,  and  can  be  heard  on  auscultation.  They 
are  synchronous  with  movements  of  the  soft  palate  and  tympanic 
membrane. 
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Giddiness  is  another  somewhat  common  symptom  of  chronic 
aural  catarrh.  At  first  the  attacks  are  slight  and  transient :  as 
the  disease  progresses,  they  are  apt  to  become  severe  and  pro- 
longed. They  are  then  often  associated  with  nausea  or  vomiting, 
and  with  increase  of  the  tinnitus.  They,  in  common  with  the 
noises,  are  presumably  due  to  extension  of  the  processes  in  the 
tympanum  to  the  external  semi-circular  canal  and  cochlea.  In 
some  cases,  loss  of  memory,  inability  to  concentrate  the  atten- 
tion, and  a  sensation  of  fulness  in  the  head,  are  superadded  to  the 
giddiness. 

A'ariations  in  the  intensit}^  of  the  symptoms,  and  especiallv 
in  the  degree  of  deafness,  are  characteristic  of  the  disease,  and  are 
sometimes  traceable  to  changes  of  weather,  and  alterations  in  the 
condition  of  the  naso-pharynx.  As  a  general  rule,  the  patients 
are  worse  in  all  respects  in  cold  damp  weather.  The  bodilv'^ 
health  of  the  patients  often  has  a  decided  influence  on  the 
symptoms. 

Autophony  and  Paracusis.  —  Other  symptoms,  occasionally 
present  in  cases  of  chronic  aural  catarrh,  are  autophony  and 
peculiarities  of  hearing  (paracusis).  The  former,  which  has  been 
already  described  (see  page  296),  consists  of  reverberation  of  and 
echo-like  additions  to  the  patient's  own  voice ;  and  other  sounds 
sometimes  undergo  like  modifications.  It  is  often  associated  ^^'ith 
abnormal  patency  of  the  Eustachian  tube,  which  is  prone  to  occur 
in  •'  dry"  catarrh  of  the  middle  ear.  It  is  also  noticed  in  cases  in 
which  the  tube  has  become  impermeable,  and  may  then  be 
attributed  to  increase  of  osseous  conductivity. 

Paracusis  Willisii,  or  hearing  improved  by  noise,  is  sometimes 
noticed  in  cases  where  the  movements  of  the  ossicles  are  inter- 
fered with  by  swelling  and  exudation.  An  increase  of  stimulus 
is  necessary  to  cause  sufficient  vibration ;  when  this  is  provided, 
the  hearing-po\\'er  becomes  much  improved.  Such  patients  can 
hear  better  when  travelling  by  raih^'ay  or  in  a  closed  conveyance 
than  when  all  around  them  is  quiet. 

Objective  Appearances. — The  condition  of  the  tympanic  mem- 
brane varies  in  different  cases  ;  when  the  morbid  process  is  mainly 
confined  to  the  inner  wall  of  the  cavity,  it  may  be  but  little 
changed.  As  a  general  rule,  however,  the  membrane  is  more  or 
less  drawn  inwards ;  the  short  process  projects  and  the  posterior 
fold  is  tense  and    well-defined.     The    handle    of  the   malleus   is 


824  DISEASES  OF  THE  TYMPANIC  CAVITY. 

drawn  inwards  and  backwards,  and  sometimes  almost  covered  b}' 
the  posterior  fold,  only  its  extremity  remaining  visible ;  the 
posterior  superior  c^uadrant  of  the  membrane  is  much  reduced  in 
size.  The  cone  of  light  appears  smaller,  less  bright  and  distinct, 
and  sometimes  is  interrupted ;  it  may,  indeed,  be  altogether 
absent.  Various  alterations  are  observed  in  the  appearance  of 
the  membrane,  opacity  being  the  most  common  change.  This 
may  be  either  uniformh'  diffused,  or  scattered  in  patches  over 
the  surface  ;  in  the  latter  case,  the  posterior  segment,  between 
the  umbo  and  the  periphery,  is  apt  to  be  especially  affected. 
Sometimes  the  opacity  is  especially  marked  at  the  periphery. 
The  colour  of  the  altered  portions  is  bluish-white,  and  in  later 
stages  leaden-grey ;  the  margin  is  not  very  clearly  defined.  The 
spots  may  be  so  thick  and  dense  as  to  resemble  calcareous  deposits, 
which,  moreover,  are  sometimes  found  associated  with  chronic  aural 
catarrh.  These  deposits  are  decidedly  white  in  colour  and  cres- 
rentic  in  form,  and  have  well-defined  margins. 

An  opposite  condition,  viz.,  a  peculiar  transparency  of  portions 
of  the  membrane,  is  sometimes  noticed  in  long-standing  cases ; 
it  is  due  to  atrophy  and  loss  of  substance.  When  a  large  portion 
of  the  membrane  is  thus  affected,  several  intra-tympanic  struc- 
tures— e.f/..  the  promontory,  long  process  of  the  incus,  and  even 
the  stapes — may  become  visible. 

When  the  tympanum  contains  free  exudation,  which  is 
generally  the  result  of  a  subacute  attack,  the  opacity  of  the 
membrane  prevents  the  fluid  from  being  clearly  distinguishable ; 
there  may  be  a  light  yellowish  tinge  of  the  lower  half,  or  one  or 
two  dark  lines.  AVhen  the  secretion  is  viscid  and  mucous,  the 
opacity  will  be  still  more  pronounced.  When  cicatrices  exist  in 
the  membrane  and  exudation  is  abundant,  the  pressure  of  the 
latter  may  cause  them  to  bulge  out  from  the  surface  of  the 
membrane  and  form  whitish  or  greenish-gi'ey  projections.  If 
the  membrane  be  in  a  state  of  atrophy,  the  level  of  any  existing 
exudation  will  be  very  clearly  made  out. 

The  Injection  of  Air  affords  material  assistance  in  determining 
the  state  of  the  tympanum.  Rales  of  various  kinds  are  heard  when 
exudation  is  present  and  air  is  injected  through  the  catheter.  If 
the  Eustachian  tube  be  permeable,  absence  of  sound  on  injecting 
air  indicates  that  the  secretion  is  very  tenacious  and  adherent  to 
the  walls  of  the  tympanum,  or  else  that  it  entirely  fills  the  cavity. 
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A  rough,  interrupted  sound  indicates  that  the  mucous  membrane 
is  relaxed  and  swollen,  and  coated  in  places  with  tenacious  mucus. 
When  some  force  is  required  to  inject  the  air,  and  the  sound,  at 
first  weak  and  shrill,  becomes  stronger  and  lower  in  pitch  after 
one  or  two  swallowing  movements,  some  obstruction  in  the 
Eustachian  tube  may  be  inferred  to  exist.  Complete  imper- 
meability is  extremely  rare.  If  the  sound  heard  on  auscultation 
be  comparatively  normal,  and  the  hearing-power  be  much 
diminished,  the  case  is  probably  one  of  adhesive  or  "  dry " 
catarrh. 

In  most  cases  inflation  of  the  tympanum  is  followed  by 
decided  improvement  of  hearing-power,  which,  however,  soon 
passes  off.  The  compressed  air  forces  the  membrane  outwards, 
and  overcomes,  for  the  time,  the  secondary  contraction  of  the 
tensor  tympani  muscle.  On  examining  with  the  speculum  im- 
mediately after  inflation,  the  normal  condition  of  the  parts  is  seen 
to  be  restored  to  some  extent :  the  membrane  is  less  concave,  it 
may  even  bulge  out  into  the  meatus  ;  the  short  process  and  the 
posterior  fold  are  less  prominent,  and  the  handle  of  the  malleus 
is  more  conspicuous  and  less  horizontal.  When  exudation  is 
present  in  the  tympanum,  the  injection  of  air  causes  its  dispersion ; 
the  yellowish  tinge  disappears,  and  the  line  marking  the  upper 
surface  of  the  fluid  is  no  longer  visible  or  else  is  altered  in 
position.  These  changes  are  less  distinct  when  the  exudation  is 
of  a  tenacious  character. 

In  cases  of  chronic  catarrh  with  perforation,  after  using  the 
syringe,  the  short  process  and  the  handle  of  the  malleus  are 
usually  visible,  the  membrane  is  seen  to  be  thickened,  whitish-grey 
in  colour,  and  coated  with  patches  of  epithelium  ;  the  perforation, 
which  is  usually  situated  in  the  anterior  inferior  quadrant,  is 
small,  roundish  in  form,  and  has  its  margin  everted ;  through 
the  opening,  the  mucous  membrane  of  the  tympanum  appears 
reddened  and  tliickened. 

Bone-conduction. — Unless  there  be  some  disorder  of  the  laby- 
rinth, osseous  conduction  is  found  to  be  increased  on  the  affected 
side ;  and  if  both  ears  be  involved,  the  sound  is  most  distinct  on 
the  side  on  which  the  symptoms  are  especiallj'  pronounced. 
Rinne's  experiment  gives  negative  results,  with  diminished  air- 
conduction  and  increased  length  of  time  during  which  the  sound 
is  heard  throuoli  the  bones  of  the    skull.     There    is    sometimes 
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considerable  difference  between  the  results  of  testing  by  the  watch 
and  by  speech ;  but  various  patients  differ  very  much  in  this 
respect. 

Course  of  the  Disease. — Chronic  aural  catarrh  always  runs  a 
protracted  course,  and  the  complaint  is  apt  to  prove  ver}^  obstinate 
when  it  has  supervened  upon  disease  of  the  naso-pharynx,  or  is 
associated  with  constitutional  disorders.  The  hearing-power  is 
observed  to  be  more  and  more  impaired ;  the  change  for  the  worse 
is  sometimes  slow  and  sometimes  rapid  in  its  progress.  Not 
infrequently,  the  condition  remains  stationary  for  some  time,  and 
then  becomes  worse  ;  spontaneous  improvement  is  seldom  noticed. 
In  the  absence  of  treatment,  the  processes  upon  which  the  condition 
depends  go  on  either  intermittently  or  continuously ;  thickenings 
of  the  mucous  membrane,  adhesions  between  various  parts,  indura- 
tion and  chalky  deposits  are  the  ordinary  results. 

Diagnosis. — Chronic  aural  catarrh  is  for  the  most  part  easily 
recognisable.  The  sjauptoms  already  described,  and  especially 
the  condition  of  the  membrana  tympani ;  the  state  of  the  naso- 
pharynx ;  the  sounds  produced  and  the  improvement  in  hearing 
when  air  is  injected — these,  taken  together,  indicate  the  real 
nature  of  the  case. 

Prognosis.— More  or  less  improvement  in  hearing-power  may 
generally  be  anticipated,  provided  that  proper  treatment  be 
submitted  to  ;  and  the  greater  the  change  for  the  better  after 
the  injection  of  air,  the  more  favourable  the  prospect.  Several 
examinations  are,  however,  desirable,  before  any  definite  opinion 
is  expressed ;  the  air-douche  may  at  first  produce  results  which 
are  subsequently  unattainable.  A  somewhat  lengthened  trial  is 
therefore  necessary.  Politzer's  inflation  or  injection  of  air  through 
a  catheter  should  be  used  twice  or  three  times  a  week  for  about 
three  weeks,  and  if  no  improvement  result,  the  outlook  is  by  no 
means  promising,  though  much  may  be  done  to  prevent  the 
condition  from  becoming  worse.  If  the  injection  of  air  fails  to 
improve  the  hearing,  but  lessens  the  subjective  symptoms  (the 
noises  and  the  feeling  of  pressure  and  fulness  in  the  head), 
there  is  reason  to  hope  for  satisfactory  results.  The  hearing- 
power  should,  it  may  be  noted,  be  thoroughly  tested  for  various 
sounds,  both  before  and  after  the  employment  of  the  air-douche ' 
differences  may  be  noticeable  in  the  perception  of  some  sounds 
and  not  in  that  of  others.     When  any  improvement  is  detected. 
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its  duration  should  be  noted ;  the  prognosis  is  generally  favourable 
in  proportion  to  the  latter. 

Certain  other  circumstances  tend  to  render  the  prognosis  more 
or  less  favourable,  and  may  be  briefly  summarised  as  follows : — 
The  adoption  of  treatment  in  an  early  stage  of  the  disease,  and 
before  marked  symptoms  have  set  in ;  intermittency  of  the 
tinnitus ;  maintenance  of  bone-conduction ;  hearing-power  for 
speech  and  high  notes  not  much  impaired :  variations  in  the 
intensity  of  the  s}Tnptoms  from  time  to  time,  and  absence  of 
hereditary  predisposition.  In  cases  in  which  a  cure  is  impossible, 
much  may  often  be  done  to  cause,  at  least,  temporary  improve- 
ment, and  to  prevent  the  condition  from  becoming  decidedly 
worse. 

Treatment. — Any  existing  affection  of  the  naso-pharynx  must 
be  careful!}'  attended  to  in  the  manner  already  described  (see 
page  247).  The  local  treatment  of  the  middle  ear  has  for  its 
objects  the  absorption  of  exudation  and  the  diminution  of  swelling 
and  thickening  of  the  mucous  membrane. 

Inflation  of  the  Tympanum  is  the  most  important  therapeutical 
measure.  It  tends  to  break  up  adhesions,  to  remove  exudation 
and  to  stimulate  absorption  ;  it  likewise  acts  mechanically  on  the 
membrana  tympani  and  chain  of  ossicles,  and  lessens  the  pressure 
on  the  fenestroe.  Air  may  be  injected  into  the  tympanum  either 
by  Politzer"s  method  or  with  the  aid  of  the  catheter.  The  former 
is  suitable  for  children  and  for  mild  cases  of  bilateral  disease  ;  the 
catheter  is  required  whenever  there  is  considerable  swelling  of  the 
Eustachian  tube,  and  also  when  remedies  are  to  be  injected  into 
it.  The  carrying  out  of  Politzer's  plan  is  sometimes  entrusted 
to  patients  themselves  or  to  their  friends.  In  such  cases,  very 
careful  instructions  should  be  given  as  to  the  method  of  employ- 
ment. On  the  whole,  air  injected  through  a  catheter  yields 
better  results,  but  certain  precautions  are  necessary.  The  instru- 
ment should  be  used  dail}'  or  every  other  day  for  two  or  three 
weeks,  and  afterwards  at  longer  intervals,  provided  that  the 
symptoms  show  some  improvement.  If.  after  a  month's  trial, 
the  result  be  negative,  the  catheter  should  be  given  up,  at  least 
for  a  time.  Another  attempt  should  be  made  a  few  weeks  later, 
when  the  result  will  probably  be  better.  As  a  general  rule,  the 
use  of  the  catheter  is  followed  by  decided  improvement  of  hearing. 

Application  of  Vapours. — In  some  cases,  the  absorption  of  the 
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exudation  is  promoted  by  chloride  of  aininonium  introduced  in  the 
gaseous  form  into  the  tympanum.  The  method  of  using  this 
remedy  has  been  ah-eady  described  {see  page  144).  Care  must 
be  taken  that  the  ammonium  is  perfectly  neutralised,  otherwise 
much  irritation  may  be  caused.  Decided  benefit  is  not  infre- 
(juently  witnessed  in  cases  that  have  been  little,  if  at  all,  improved 
by  the  injection  of  air ;  the  remedy  is  indicated  in  cases  of  this 
kind,  and  when  rales  continue  to  be  audible  after  prolonged  treat- 
ment with  the  catheter.  The  vapour  should  be  applied  twice  or 
three  times  a  week,  and  for  three  or  four  minutes  at  a  time.  Air 
impregnated  with  turpentine  may  be  used  in  a  similar  manner. 
A  few  drops  are  poured  into  the  air-bag  and  allowed  to  volatilise  ; 
the  ail-,  thus  charged  with  the  vapour,  is  then  injected  through 
the  catheter.  A  better  plan  is  to  have  a  small  vulcanite  box 
fitted  on  to  the  delivery  tube  of  the  Politzer's  bag,  in  which  can 
be  placed  a  piece  of  wool  moistened  A^'ith  the  medicament. 

Remedies,  in  a  Fluid  Form,  may  likewise  be  applied  to  the 
mucous  membrane  of  the  middle  ear  {see  page  294).  At  first  these 
should  be  of  a  comparatively  mild  character,  e.<j.,  solution  of  iodide 
of  potassium  5 — 10  grains  to  the  ounce,  or  solution  of  borax,  alum, 
carbonate  of  soda,  or  chlorate  of  potash  2 — 3  grains  to  the  ounce. 
Afterwards,  when  the  condition  has  become  less  acute,  solutions 
of  nitrate  of  silver  3 — 5  grains  to  the  ounce,  or  of  sulphate  of 
YAwc  1 — 3  grains  to  the  ounce,  maj'  be  carefull}^  tried.  Of  these 
solutions,  about  two  or  three  drops  should  be  injected  with  yqv\ 
slight  ])ressure :  with  larger  quantities  and  stronger  solutions, 
severe  pain  and  some  amount  of  inflammation  may  be  set  up. 
These  injections,  when  they  are  well  borne,  may  be  used  twice  or 
three  times  a  week,  and  continued  for  several  weeks.  Alkaline 
remedies,  thus  injected,  render  the  secretion  less  viscid  and 
more  capable  of  absorption. 

Besides  inflation  of  the  tympanum,  there  is  another  method 
whereby  the  membrane  and  ossicles  may,  in  some  measure  at 
least,  be  restored  to  their  original  positions.  This  plan  consists 
in  rarefying  the  air  in  the  external  meatus  by  the  aid  of  Siegle's 
speculum  (Fig.  30,  page  81).  The  larger  end  of  this  speculum 
is  closed  by  a  glass  disk  ;  an  india-rubber  tube  connected  at  its 
other  extremity  with  an  elastic  bag,  opens  into  the  side  of  the 
instrument,  which  closely  fits  the  meatus.  Before  introducing 
the  speculum  the    bag  is   compressed  ;    its  expansion,  when  the 


CIIROXIC  CATARRH  OF  THE  MIDDLE  EAR.  329 

instrument  is  in  position,  rarefies  the  air  in  the  meatus,  and 
draws  the  membrana  tympani  outwards.  When  this  method  is 
practised,  the  patients  sometimes  assert  that  the  hearing-power  is 
increased,  and  that  the  subjective  sensations  are  less  troublesome. 

The  Operation  of  Paracentesis  (f<ee  page  315)  is  sometimes 
advisable  in  cases  of  chronic  catarrh  of  the  middle  ear,  and 
especially  ^^'hen  the  symptoms  threaten  to  become  acute.  It 
may  be  practised  with  advantage  when  other  methods  of  treat- 
ment have  failed  to  remove  the  exudation  from  the  tympanum, 
and  also  when  the  cavity  appears  to  be  completely  filled  with 
tenacious  secretion. 

For  the  relief  of  the  subjective  symptoms,  and  with  the  view 
of  improving  the  hearing-power,  plicotomy,  or  division  of  the 
posterior  fold,  is  recommended  by  some  authorities.  The  opera- 
tion has  been  done  when  the  fold  projects  and  forms  a  sharp  ridge, 
and  when  other  measures  have  failed  to  produce  relief.  A 
perpendicular  incision  is  made  with  a  paracentesis  knife,  through 
the  fold  in  its  anterior  half,  at  a  distance  of  2 — 3  mm.  from  the 
short  process.  It  is  better  to  cut  from  below  upwards  than  in 
the  opposite  direction.  The  haemorrhage  is  easily  stopped  with 
a  little  cotton-wool ;  a  plug  of  carbolised  gauze  should  be  placed 
in  the  meatus.  In  order  to  avoid  wounding  the  chorda  tympani, 
the  knife  should  not  be  thrust  too  far  inwards. 

Various  other  operative  measures,  having  for  their  objects  the 
relief  of  tension  and  the  separation  of  adherent  parts,  will  be 
described  in  the  chapter  on  Adhesive  Inflammation  of  the 
T3mipanum. 

In  all  cases  of  chronic  middle-ear  catarrh,  it  is  not  sufficient 
to  treat  the  local  disease ;  the  patient's  general  condition  always 
requires  attention.  Change  of  air  is  often  beneficial,  and  is 
always  desirable  whenever  there  is  a  pronounced  tendency  to 
bronchial  or  pharyngeal  catarrh.  Residence  in  a  mountainous 
district,  sheltered  from  high  winds  and  possessing  a  mild  climate, 
often  suits  these  patients.  In  winter  special  care  is  necessar}' ; 
if  the  patient's  means  permit,  change  to  a  warm  climate  should 
be  advised.  Any  special  constitutional  disorder — e.g..  tuberculosis 
or  syphilis — will  require  appropriate  treatment.  The  diet  in  all 
cases  should  be  of  a  nourishing  character  ;  tobacco  is  generally 
hurtful,  and  strict  moderation  should  be  enjoined  in  the  use  of 
alcoholic  stimulants.     Baths  of  various  kinds,  with  the  water  at 
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a  suitable  temperature,  are  useful  accessories  in  the  hygienic 
treatment  of  these  cases  ;  if  the  weather  and  the  patient's  general 
■condition  permit  of  sea-bathing,  Ward  Cousins'  india-rubber  ear 


Ami 


Fig.  97. 

Ward  Cousins'  Ear  Protectors. 


protectors  (which  are  manufactured  in  four  sizes).  Fig.  97.  must 
be  introduced  in  order  to  prevent  the  Abater  from  getting  into  the 
meatus. 
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CHAPTEE   XXYI. 

CIIKOXIC  ADHESIVE  CATAEKH  OF  THE  MIDDLE  EAE— OTITI:S 

MEDIA  CATARRHALIS  SICCA— SCLEROSIS  OF  THE 

MIDDLE  EAR. 

Nature  of  the  Disease — Origination  and  General  Consequences — Patho- 
logical Appearances — Causes — SjTuptoms — Impairment  of  Hearing 
—  Subjective  Sensations  —  Hypersesthesia  Acustica  —  Paracusis  — 
Objective  Appearances — The  Membrana  Tympani — Contraction  of 
Tensor  Tympani  Muscle  —  Condition  of  the  Xaso-Pharynx  and 
Eustachian  Tubes — Testing  the  Hearing-Power — Course  and  Ter- 
mination—Diagnosis— Prognosis — Treatment— Attention  to  Naso- 
pharynx— The  Air-Douche — Application  of  Remedies  to  the  Tym- 
panum— Rarefaction  of  Air  in  the  Meatus — Politzer's  Plan — Lucae's 
Spring  Pressure-Probe  —  Hommel's  Method  —  Treatment  of  the 
Tinnitus — The  Eustachian  Tubes — General  Hygienic  Rules — Opera- 
tions Proposed — Removal  of  Tympanic  Membrane  and  Ossicles — 
Estabhshment  of  an  Opening  in  the  Membrane — Division  of  the 
Posterior  Fold  of  the  Tympanic  Membrane — Division  of  the  Anterior 
Ligament  of  the  Malleus — Multiple  Incisions  into  the  Tympanic 
Membrane — Division  of  the  Tendon  of  the  Tensor  Tympani  Muscle 
— Indications  for  Operation  and  Various  Methods — Results. 

This  form  of  catarrh  is  characterised  by  a  great  variety  of 
symptoms  and  morbid  appearances.  The  processes  developed  in 
the  tympanum  tend  especially  to  the  formation  of  adhesions 
between  many  parts  of  the  middle  ear.  and  thus  lead  to  serious 
impairment  of  hearing.  The  various  changes  do  not  ahvays 
originate  in  abnormal  secretory  processes.  Politzer*  lays  great 
stress  upon  the  fact  that  in  the  absence  of  any  previous  catarrh, 
an  insidious  interstitial  inflammation  may  become  developed  in 
the  mucous  membrane,  with  thickening  and  subsequent  contrac- 
*  Lchrhuch  der  OhrenheWnnide,  2  Aufl.  S.  '229. 
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tion  as  results.  The  ligainentous  apparatus  is  similarly  affected, 
and,  as  a  consequence,  the  ossicular  chain  becomes  more  or  less 
rigid,  and  the  stapes  frequently  becomes  ankylosed.  It  is  not, 
however,  possible  to  draw  a  sharp  line  of  demarcation  between 
secretory  catarrh  and  adhesive  processes  as  a  further  development. 
The  anatomical  changes  which  are  at  the  base  of  the  latter  may 
be  developed  during  the  catarrhal  stage,  and  continuously  with 
it,  as  well  as  after  its  subsidence. 

This  form  of  middle-ear  disease,  whether  originating  or  not  in 
catarrh,  is  especially  prone  to  be  accompanied  by  symptoms  indi- 
cative of  disorders  of  the  labyrinth.  Those  insidious  forms  which 
result  in  ankylosis  of  the  stapes  are  more  often  associated  with 
the  latter  affections  than  adhesive  processes  originating  in  catarrh. 
It  is  quite  true  that  in  the  course  of  chronic  exudative  diseases  of 
the  middle  ear,  secondary  changes  in  the  labyrinth  are  not  infre- 
quent complications,  but  in  connection  with  purely  adhesive 
processes  labyrinthine  disorder  may  exist  from  the  ver}^  begin- 
ning. In  such  cases  it  is  fair  to  assume  that  the  disease  in  both 
portions  of  the  ear  is  attributable  to  the  same  cause ;  as  a  matter 
of  fact,  indeed,  the  labyrinthine  disorder  is  sometimes  so  promi- 
nent at  an  early  stage,  that  it  would  appear  to  have  been  developed 
prior  to  the  origination  of  the  disease  in  the  tympanum. 

We  are  not  as  yet  able  to  separate  those  forms  of  the  disease 
which  begin  in  catarrh  from  such  as  are  independent  of  that 
condition.  The  prominent  symptom,  impeded  conduction  of 
sound,  is  common  to  both  cases. 

Pathological  Appearances. — These  have  been  especially  studied 
by  Politzer.  who  has  given  a  very  minute  description  of  them  in 
the  second  and  third  editions  of  his  work.  The  following 
account  is  mainly  derived  from  Politzer's  statements  : — The 
changes  are  either  diffused  over  the  whole  of  the  mucous  mem- 
brane, or  are  confined  to  certain  parts  of  it.  The  former  condition 
\\'ould  seem  to  result  from  secretory  catarrh,  while  the  latter  is 
produced  by  interstitial  inflammation,  and  the  parts  most  liable  to 
be  affected  are  the  fenestral  structures  and  recesses.  The  changes 
in  the  mucous  membrane  consist  of  partial  or  complete  conversion 
of  the  proliferated  round  cells  into  cicatricial  tissue,  and  of 
increase  in  the  substance  of  the  mucous  membrane,  followed  by 
regressive  metamorphosis,  shrinking,  sclerosis,  atrophy,  and 
calcification. 
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When  the  secretory  stage  is  still  in  progress,  the  mucous 
membrane  is  hypersemic,  irregularly  swollen,  of  a  yellowish  red 
colour,  spongy  in  texture,  and  infiltrated  with  serum ;  its  surface 
is  uneven,  and  marked  by  glandular  or  villous  projections.  The 
concavities,  'and  particularly  the  fenestras,  are  levelled  and  less 
apparent,  and  the  cavity  as  a  whole  is  more  or  less  diminished. 
The  tympanic  portion  of  the  Eustachian  tube  is  narrowed,  and 
the  mastoid  cells  are  filled  with  secretion.  The  mobility  of  the 
ossicles  is  lessened,  but  not  as  yet  abolished.  Partial  recovery  is 
possible  as  a  result  of  fatty  degeneration  of  the  proliferated  round 
cells. 

In  another  class  of  cases  the  secretory  processes  have  come  to 
an  end,  and  the  conversion  of  the  hypertrophied  elements  into 
fibrous  connective  tissue  has  already  taken  place.  The  mucous  mem- 
brane is  smooth,  thickened,  pale,  and  stiff",  closely  adherent  to  the 
underlying  parts,  and  presenting  calcareous  patches.  These 
changes  affect  not  only  the  lining  membrane,  but  also  its  folds 
and  the  ligaments  and  the  tissue  covering  the  articulations  ;  the 
thickening  is  generally  most  marked  at  the  points  of  contact 
between  the  ossicles  and  the  walls  of  the  cavity.  The  functions 
of  the  tjnupanum  are  still  further  impaired  by  the  formation  of 
membranous  cords  and  bands,  running  in  various  directions  and 
connecting  together  the  ossicles,  the  tympanic  membrane  and  the 
tendon  of  the  tensor  t3'mpani  muscle.  Some  of  these  cords  can 
be  traced  to  the  wall  of  the  cavity,  and  are  sometimes  partiallv 
ossified.  Another  serious  change  is  the  adhesion  of  the  membrane 
to  the  innei-  wall ;  and  if  this  be  accompanied  by  the  formation  of 
bands  and  cords  and  the  development  of  exostoses,  the  t3mipanic 
cavity  will  be  almost  or  quite  obliterated. 

The  general  result  of  all  the  above-described  changes  will  be : 
diminished  vibrating  power  of  the  tympanic  membrane  and 
ossicles,  and  impeded  conduction  of  sound.  The  most  serious 
consequences  result  from  adhesions  of  the  ossicles  to  the  tympanic 
walls  and  ankylosis  of  the  articulations,  and  especially  of  the 
stapes  to  the  fenesti-a  ovalis.  In  some  cases  the  morbid  process 
appears  to  be  confined  almost  entirely  to  the  fenestrse,  and  especially 
to  the  upper  one  and  its  union  A\-ith  the  stapes.  On  the  other 
hand,  the  changes  in  these  parts  may  be,  and  often  are,  associated 
with  adhesions  and  the  formation  of  bands  of  membrane,  as  already 
described. 
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The  ankylosis  of"  the  stapes  may  be  caused  by  the  union  of 
the  footplate  with  the  margin  of  the  fenestra,  or  by  adhesion  of 
its  crura  to  the  lower  wall  of  the  niche.  The  occurrence  of  this 
latter  condition  is  favoured  by  the  fact  that  the  two  parts  are 
often  connected  by  minute  filaments,  the  remains  of  the  gelati- 
nous substance  of  foetal  life.  The  ankylosis  of  the  footplate  is 
due  either  to  calcification  of  the  ligamentous  ring,  to  proliferation 
of  cartilage  at  the  margin  of  the  fenestra,  or  to  deposit  of  osseous 
matter  on  the  inner  surface  of  the  plate,  and  over  the  fenestra 
itself.  The  fenestra  rotunda  is  also  liable  to  important  changes. 
The  niche  is  often  filled  with  connective  tissue,  or  much  con- 
tracted and  closed  up ;  the  membrane  itself  is  thickened,  but 
seldom  calcareous.  In  addition  to  the  ankylosis  between  the 
stapes  and  its  fenestra,  a  similar  condition  sometimes  exists 
between  the  incus  and  malleus,  the  articular  surfaces  being 
incrusted  with  calcareous  deposit  and  adherent  to  each  other. 

The  Changes  in  the  Eustachian  Tube  var}-  in  different  cases. 
When  the  process  is  of  a  diffused  character  and  connected  with 
chronic  affections  of  the  naso-pharynx,  the  canal  is  apt  to  be  nar- 
rowed as  a  result  of  h^-pertroph}^  of  the  mucous  membrane  and 
thickening  of  the  connective  tissue.  In  interstitial  inflammation, 
limited  to  circumscribed  spots  in  the  tympanum,  the  Eustachian 
tube  is  generally  normal  in  appearance  and  calibre.  Structural 
alterations  sometimes  occur  in  its  muscles,  whereby  the  ventila- 
tion of  the  tympanum  is  interfered  with.  Thus  fatty  degenera- 
tion, atrophy,  and  cicatricial  contraction  are  occasionally  observed. 
The  internal  muscles  of  the  ear  are  liable  to  present  signs  of 
atrophy,  as  a  result  of  inflammation  of  the  adjacent  mucous  mem- 
brane, and  of  impeded  action  due  to  ankj^losis  of  the  joints  of 
the  ossicles.  A  normal  state  of  the  muscles  may,  however,  exist 
in  cases  of  chronic  ankylosis   of  the  stapes. 

This  description  of  the  morbid  anatomy  of  adhesive  catarrh  of 
the  middle  ear  sufficiently  exhibits  the  differences  Avhich  exist 
between  this  affection  and  the  catarrhal  and  purulent  forms  of  the 
disease.  In  these  latter,  in  addition  to  increase  of  the  intercel- 
lular fluid,  there  is  always  a  mucous,  serous,  or  purulent  exudation, 
the  quantity  of  which  is  generally  proportionate  to  the  intensity 
of  the  inflammation.  In  adhesive  inflammation,  the  intercellular 
fluid  may  be  slightly  increased,  but  the  exudation  in  the  tjanpanum 
may  not   exceed    the   normal   quantity.     In   mixed   forms,   when 
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hyperplasia  of  the  connective  tissue  elements  is  superadded  to 
exudative  inflammation,  the  tympanum  may  contain  more  or  less 
mucous  or  purulent  secretion. 

Causes. — Adhesive  middle-ear  inflammation  is  due  to  much  the- 
same  causes  as  the  catarrhal  form,  but  the  process  is  always 
chronic.  It  differs  from  the  catarrhal  inflammation,  inasmuch  as 
it  generally  attacks  persons  in  middle  or  advanced  age.  With 
regard  to  antecedent  conditions,  the  complaint  sometimes  follows 
chronic  naso-phar3^ngeal  catarrh,  and  conditions  involving  paralysis 
of  the  muscles  of  the  Eustachian  tubes,  whereby  the  ventilation  of 
the  tympana  is  interfered  with.  Sometimes  there  is  a  history  of 
sj^philis,  scrofula,  gout,  or  rheumatism;  hereditary  predisposition  to 
aural  disease  is  often  traceable.  The  patients,  however,  are  more 
often  plethoric  and  robust  than  in  cases  of  catarrhal  inflammation. 
Exposure  to  cold  and  wet.  to  the  action  of  dust,  as  in  certain 
occupations,  frequent  and  prolonged  sea-bathing,  and  excessive 
indulgence  in  alcohol  and  tobacco,  are  more  or  less  potent  causes 
of  the  disease,  and  they  certainly  aggravate  the  condition,  when 
once  set  up.  All  classes  of  persons  are  equally  prone  to  suffer 
from  the  complaint.  As  in  the  case  of  catarrhal  inflammation,  the 
adhesive  process  generally  affects  both  ears  simultaneously  (86  per 
cent.),  or  in  rapid  succession  :  in  rare  cases,  one  ear  is  thus 
affected,  while  the  other  is  the  seat  of  catarrhal  inflammation.  In 
unilateral  cases  (14  per  cent.)  the  left  ear  is  more  often  affected 
than  the   right   (8-2  :   5*8). 

Symptoms. — When  the  parts  concerned  in  the  conduction  of 
sound  are  not  primarily  involved,  the  process  may  go  on  slowly 
for  months  or  3- ears  without  causing  any  decided  symptoms.  If, 
however,  the  vibrations  of  the  membrana  tympani  and  ossicles  are 
impeded,  the  patient  will  be  conscious  of  impairment  of  hearing, 
of  a  feeling  of  pressure  and  fulness  in  the  ears,  and  of  sub- 
jective auditory  sensations.  There  is  no  particular  pain,  but 
giddiness  and  mental  and  nervous  disturbance  may  be  very 
troublesome.  The  symptoms  once  established  steadily  progress, 
and  herein  they  differ  from  those  of  the  catarrhal  form.  In  some 
cases  the  sjmiptoms  correspond  with  those  of  Meniere's  disease. 

As  time  goes  on  the  hearing  becomes  more  and  more  impaired, 
and  the  noises  in  the  ears  louder  and  more  annoying.  Not 
infrequently^  the  patients  complain  that  whereas  they  can  hear 
simple  sounds,  they  fail  to  hear  words   addressed   to   themselves 
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and  are  therefore  unable  to  carry  on  conversation.  The  advance 
of  the  symptoms  is  due  in  part  to  the  continuous  formation  of 
tissue  in  the  tympanum,  and  partly  to  the  secondary  changes 
which  become  developed.  Contraction  and  shrinking  take  place, 
with  increased  rigidity  of  the  joints  of  the  ossicles  and  abnormal 
position  of  these  bones.  Thus  the  function  of  the  conducting 
apparatus  is  seriously  impaired,  and  secondary  changes  are  liable 
to  occur  in  the  labyrinth,  though,  as  already  pointed  out.  the 
internal  ear  may  have  been  implicated  from  the  commencement. 
Labyrinthine  disorder  cannot  fail  to  aggravate  the  impairment 
of  hearing  which  results  from  changes  in  the  tympanum,  and  the 
deafness  is  influenced  to  some  extent  by  the  condition  of  the 
Eustachian  tube ;  if  the  mucous  membrane  be  swollen  or 
thickened,  the  hearing-power  will  be  diminished.  The  deafness 
is  also  liable  to  be  ao-o-ravated  bv  excesses  of  all  kinds,  and  bv 
fatigue  and  deliility. 

The  Subjective  Sounds  vary  i]i  character,  and  are  variously 
'described  by  different  patients  as  "  humming,"  '•  buzzing." 
"  knocking."  •'  whistling,"  "  blowing,"  •'  ringing."  etc.  The 
noises  may  appear  to  emanate  from  outside  the  head,  or  in  the 
-ear  itself,  or  in  some  part  of  the  skull.  In  some  patients  noises 
of  various  character  co-exist,  or  succeed  each  other.  They  are 
generally  continuous  and  uniform ;  but  sometimes  they  cease 
for  short  intervals.  The  distress  caused  by  the  noises  is  very 
severe  in  some  cases. 

There  are  no  other  definite  symptoms  of  a  subjective  cha- 
racter. Pain  in  the  side  of  the  head,  giddiness,  a  feeling  of 
•confusion  or  heaviness,  or  of  pressure  about  the  occiput,  may  be 
complained  of  from  time  to  time.  The  defective  hearing  and  the 
subjective  sounds  are  the  marked  symptoms.  In  some  cases, 
in  the  early  stages  of  the  disorder,  but  still  more  frequently  after 
the  hearing  has  become  much  impaired,  great  sensitiveness  is 
•evinced  towards  various  sounds,  especially  high  notes  and  loud 
talking  {Hijpera'sihesia  acudic(i). 

There  is  another  symptom  which  is  not  infrequent  in  this  form 
•of  ear-disease,  viz.,  improvement  of  hearing  during  a  noise,  the 
so-called  •*  paracusis"  of  Willis.  This  author  described  a  case  in 
which  a  man's  voice  could  be  heard  by  his  deaf  wife  only  while 
a  servant  was  beating  a  drum.  This  phenomenon  will  be  further 
vdescribed  in  the  chapters  on  Affections  of  the  Labyrinth  :  its  cause 
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may  here  be  briefly  alluded  to.  Politzer^^  thinks  that  improved 
hearing  in  a  noise  is  due  to  the  severe  shaking  of  the  ossicles,  the 
articulations  of  which  have  become  stiff.  Their  normal  condition 
is  in  some  measure  restored,  and  they  are  rendered  more  capable 
of  conducting  sonorous  vibrations.  Lowenberg  thinks  that  the 
shaking  produces  increased  excitability  of  the  auditory  nerve,  and 
consequent   augmentation  of  hearing-power. 

Objective  Symptoms. — These  exhibit  differences  according  to  the 
stage  of  the  complaint,  the  parts  principally  affected,  the  intensity 
of  the  process,  the  previous  condition  of  the  part,  and  the  pre- 
dominating charactei-  of  the  inflammation.  The  symptoms  caused 
by  purely  adhesive  processes  differ  from  those  in  which  the 
catarrhal   element  has  been  more  or  less  prominent. 

On  inspection,  the  external  meatus  is  generally  found  to  be 
very  dry ;  there  is  little,  if  any.  ceruminous  secretion.  The 
patients  themselves  often  notice  this  deficiency,  and  regard  it 
as  the  cause  of  their  symptoms. 

The  appearance  of  the  membrana  tympani  varies  greatly ;  its 
sensitiveness  is  often  much  reduced.  There  may  be  little,  if  any, 
change  in  position,  lustre,  or  transparency ;  in  other  cases,  the 
membrane  is  seen  to  be  cloudy,  dull,  and  either  thickened  or 
atrophied  and  parchment-like.  Abnormal  transparency  is  asso- 
ciated with  atrophy.  An  almost  normal  appearance  of  the 
membrane  may  co-exist  with  very  serious  impairment  of  hearing  ; 
in  such  cases,  the  morbid  process  is  confined  to  the  fenestrge 
and  ossicles.  The  membrane  is  generally  drawn  inwards  or 
sunken,  and  obviously  adherent  to  parts  situated  on  its  inner 
side.  Hypersemia  of  the  inner  wall  of  the  tympanum  often 
imparts  a  characteristic  tint  to  the  membrane,  causing  it.  in  some 
cases,  to  assume  a  peculiar  dry.  dusky-red  appearance.  In  others, 
a  reddish-yellow  spot,  with  a  diffuse  red  areola,  corresponding 
with  the  promontory,  is  seen  behind  the  handle  of  the  malleus. 
Such  evidences  of  liyperaemia  may  remain  unchanged  for  several 
years ;  and  even  after  the  membrane  lias  become  dull  and  opaque, 
traces  of  the  reddish  tint  may  be  discoverable  here  and  there. 
Sometimes  the  reddish  tinge  is  especially  marked  in  the  posterior 
inferior  (juadrant,  near  the  umbo,  and  this  a])pearance  is  apt  to 
be  associated  with  injection  of  the  vessels  of  the  handle  of  the 
malleus.  This  condition  of  the  parts  often  accompanies  synostosis 
*  Lekrlucli  der  OhrenheWiundc,  2  Aufl.  S.  239. 
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of  tlie  stapes  :  but  its  existence  cannot  be  detected  when,  as  is 
often  the  case,  the  membrane  is  thickened  and  opa(|ue.  In 
exceptional  cases,  the  peripheral  part  of  the  meml)rane  appears 
as  a  whitish  ring,  while  the  remainder  is  normal  in  colour. 
Calcareous  deposit,  causing  a  decided  AN'hite  opacity,  is  sometimes 
visible  in  front  of  the  handle  of  the  malleus.  Less  frequently, 
a  similar  spot  exists  behind  that  part. 

Another  change,  more  or  less  frequently  observed  in  cases 
of  sclerosis  of  the  tympanum,  is  a  peculiarly  white  colour,  sharp 
definition,  and  roughened  surface  of  the  handle  of  the  malleus. 
A  pit-like  depression  of  Shrapnell's  membrane  is  also  regarded 
by  some  writers  as  characteristic  of  sclerosis  and  the  adhesive 
processes.  These  appearances  are.  however,  by  no  means  con- 
stant, and  they  have  been  noticed  in  association  with  other 
morbid  processes. 

When  Siegle's  speculum  is  used,  the  central  part  of  the 
membrana  tympani  is  found  to  be  decidedly  movable  in  some 
cases  and  fixed  in  others.  The  former  condition  is  often  the 
result  of  atrophy,  while  the  latter  is  caused  by  interstitial  deposit 
and  induration  of  the  mucous  membrane.  It  must  be  remem- 
bered that  other  processes  in  the  middle  ear  often  precede  the 
development  of  sclerosis  or  adhesive  inflammation,  and  produce 
changes  in  the  membrane  and  other  parts,  which  complicate  the 
appearances  due  to  the  latter  process. 

Proneness  to  contraction  is  exhibited  not  only  by  the  ne^^■ly- 
formed  bands  of  connective  tissue,  but  by  the  tendinous  structures 
within  the  tympanum,  and  the  condition  of  the  tendon  of  the 
tensor  tympani  muscle  is  of  serious  import  during  the  course  of 
the  disease.  The  entire  chain  of  ossicles  is  acted  upon  by  the 
increased  tension  and  rigidity  of  the  muscle,  and  the  intra-laby- 
rinthine  pressure  is  considerably  raised. 

Gruber  has  pointed  out  that  as  a  result  of  the  contraction  of 
the  tensor  tympani  muscle  and  also  of  shortening  of  its  tendon, 
the  malleus  is  not  merely  drawn  inwards,  but  turned  round  upon 
its  long  axis,  this  latter  movement  being  due  to  the  fact  that  the 
tendon  is  inserted  into  the  inner  margin  and  anterior  surface 
of  the  handle.  The  direction  thus  given  to  this  surface  is  some- 
what internal.  whil(^  the  opposite  surface  is  directed  outwards, 
thus  making  the  handle  appear  broader  when  viewed  from  the 
oxtei-nal    meatus.      This   alteration    in   the  ap])earance  is  of  dia- 
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gnostic  value,  but  it  may  be  absent  when  the  tendon  is  contracted. 
Individual  peculiarities  in  the  insertion  of  the  tendon  and  in  the 
structures  connected  with  the  malleus,  to  some  extent  influence 
its  movements  and  the  secondary  consequences  of  retraction  of 
the  tendon.  Thus,  even  when  this  latter  condition  is  present, 
some  portions  of  the  membrana  tympani  remain  normal  as  regards 
their  tension,  while  others  are  abnormally  stretched,  and  others 
again  relaxed  and  thrown  into  folds. 

The  Naso-pharynx  is  always  more  or  less  affected.  In  the 
earlier  stages,  the  mucous  membrane  covering  the  posterior  wall 
is  frequently  swollen,  dark  red  in  colour,  and  dotted  over  with 
granulations  of  various  sizes,  either  isolated  or  in  patches.  In 
other  cases,  the  membrane  is  smooth,  dry,  and  shining.  When 
the  condition  has  existed  for  some  years,  the  mucous  covering  of  the 
pharynx  is  seen  to  be  abnormally  pale  and  thin.  It  adheres  closely 
to  the  parts  beneath,  and  patches  of  brownish  secretion  are  scattered 
over  the  surface,  which  is  traversed  by  a  few  enlarged  vessels. 

The  nasal  mucous  membrane  is  dry,  and  sometimes  presents 
the  appearances  of  atrophic  rhinitis.  The  patients  assert  that 
they  seldom  require  to  use  a  pocket-handkerchief;  the  secretion 
from  the  nose  is  reduced  to  a  minimum. 

Various  changes  are  likewise  noticeable  in  the  Eustachian  tube. 
In  young  subjects  with  granular  pharyngitis,  the  mucous  mem- 
brane of  this  part  is  apt  to  be  similarly  affected  ;  the  tube  is 
narrowed,  the  auscultation-sound  when  the  catheter  is  used  is 
weak  and  high,  and  more  force  is  required  to  compress  the  air-bag. 
In  later  stages,  the  mucous  membrane  is  dry  and  the  tube 
easily  permeable  ;  slight  force  is  necessary  to  propel  the  air,  and 
the  sound  is  distinct  and  hard.  As  a  result  of  the  air-douche, 
either  the  hearing  may  be  unaffected,  or  the  patient  may  be  con- 
scious of  slight  and  transient  improvement,  while  the  subjective 
sounds  are  often  considerably  diminished,  and  the  feeling  of 
dulness  and  heaviness  is  much  ameliorated.  If  the  hearing-power 
be  decidedh/  increased  by  catheterism,  we  may  safely  conclude  that 
the  affection  is  comparatively  slight.  On  examining  the  mem- 
brana tympani  after  inflation,  no  particular  change  may  be  dis- 
cernible. If  the  force  of  the  air  has  really  acted  on  the  membrane, 
there  will  probably  be  more  or  less  bulging  of  the  posterior 
superior  quadrant,  with  a  diffuse  pale  reflex  of  light  there,  and  alsi> 
injection  of  the  vessels  along  the  handle  of  the  malleus. 
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Results  of  Testing  the  Hearing-power. — In  the  early  stage  of 
the  complaint,  when  perhaps  occasional  tinnitus  in  one  ear  causes 
the  patient  to  seek  advice,  the  impairment  of  hearing  is  often 
so  slight  as  to  be  scarcely  recognisable  on  testing  with  the  watch 
and  speech.  In  such  a  case,  however,  on  applying  the  tuning- 
fork  to  the  vertex,  the  patient  not  infrequently  asserts  that  he 
hears  the  sound  more  distinctly  on  the  side  on  which  the  tinnitus 
exists.  It  may  then  be  inferred  that  some  obstacle  to  conduction 
is  present  in  the  middle  ear,  though  perhaps  of  so  slight  a  nature 
that  no  difference  can  be  detected  between  the  two  ears  when  the 
taning-fork  is  held  in  front  of  them. 

Hinne's  test  may  give  a  positive  result,  because  the  slight 
obstacle  to  the  transmission  of  sound  is  easih^  overcome  by  the 
force  of  the  vibrations  conducted  by  the  air  to  the  ossicles,  and  the 
duration  of  perception  is  not  appreciably  shortened.  As  time 
goes  on.  the  disorder  of  function  becomes  much  more  decided  in 
the  ear  first  attacked,  and  the  other  ear  is  more  or  less  involved, 
as  shown  b}^  the  diminution  in  hearing-distance.  On  the  one 
side,  the  watch  may  be  heard  only  when  in  close  contact  with  the 
auricle  ;  or  the  other,  perhaps  at  one-half  or  one-quarter  the  usual 
distance.  Bone-conduction  may  be  good  on  both  sides,  or  weak  on 
the  more  affected  side,  or  entirely  abolished.  The  hearing-power 
for  speech  may  be  such  that  with  the  worse  ear  very  loud  talking 
is  heard  at  a  distance  of  three  or  four  yards,  while  with  the  other 
ear  whispers  are  heard  at  the  same  distance.  The  tuning-fork 
on  the  vertex  is  best  heard  by  the  more  affected  ear  ;  but  when 
held  in  front  of  the  ears  by  the  less  affected  organ.  Rinne's  test 
may  still  give  a  positive  result ;  but  the  duration  of  perception 
(with  the  fork  held  in  front  of  the  ear)  is  more  or  less  dimi- 
nished. If.  moreover,  the  labyrinth  he  not  implicated,  the  dura- 
tion of  perception  through  the  air  will  be  lessened  relatively  to 
the  duration  of  bone-conduction. 

In  a  subsequent  stage,  the  hearing-power  becomes  more  and 
more  impaired,  and  this  is  the  ordinary  course  of  the  complaint. 
In  a  small  proportion  of  cases,  the  condition  having  advanced  to  a 
certain  point  remains  stationary  for  some  years,  or  even  up  to  the 
end  of  life.  The  watch  is  unheard,  even  when  in  close  contact  with 
the  auricle,  on  the  side  most  affected ;  loud  speech  is  inaudible  at  a 
greater  distance  than  two  or  three  feet.  On  the  other  side,  the 
hearing-power  may  be  less  impaired. 
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111  comparing  the  two  sides  it  is  often  difficult  to  exclude  the 
better  ear.  as  some  amount  of  sound  reaches  it  even  when  stopped 
with  the  linger.  In  order  to  determine  the  side  on  which  loud 
speech  is  really  heard,  a  hearing-tube  should  be  placed  in  the 
worse  ear,  while  the  other  is  stopped  as  closely  as  possible  with  the 
finger.  A  few  words  are  then  uttered  in  a  moderately  loud  voice 
close  to  the  mouth  of  the  tube,  and  then  at  a  little  distance  from 
and  at  the  side  of  the  latter.  If  these  last  are  repeated  by  the 
patient,  it  is  evident  that  he  has  heard  them  with  the  better  ear. 

When  the  deafness  has  become  so  marked  in  the  ear  first 
affected  as  to  be  almost  absolute,  the  process,  as  a  general  rule, 
goes  on  much  more  rapidl}^  in  the  other  ear,  and  before  long  the 
impairment  is  found  to  be  much  the  same  on  both  sides.  When 
this  stage  is  reached  the  watch  is  inaudible,  and  loud  talking  is 
heard  only  close  to  the  ear.  If,  however,  the  ossicular  chain  is  not 
quite  rigid  or  the  fenestrae  completely  blocked  up,  the  patient  will 
hear  words  spoken  through  a  hearing-tube.  It  sometimes  happens 
that  the  final  stage  of  ankylosis  supervenes  very  rapidly ;  words 
spoken  through  a  tube  are  then  no  longer  heard,  but  bone- 
conduction  may  still  exist,  as  shown  by  the  power  of  the  patient 
to   repeat   words   spoken   close  to  the  side  of  the  head. 

In  this  final  stage  Weber's  test  gives  doubtful  results.  If, 
however,  the  obstacle  in  one  ear  be  increased  by  plngging  the 
meatus  tightly  with  the  finger,  the  tuning-fork  on  the  vertex 
is  generally  best  heard  on  that  side,  unless  the  auditory  nerve  be 
decidedly  implicated.  Rinne's  test  gives  negative  results  on  both 
sides  ;  shortened  duration  of  perception  when  the  tuning-fork  is 
applied  to  the  mastoid  process  indicates  disease  of  the  labyrinth. 

Course  and  Termination. — In  the  large  majority  of  cases,  the 
symptoms  become  more  and  more  marked  as  time  goes  on. 
Dilferences  in  their  progress  are  noticed  in  different  individuals, 
and  are  sometimes  dependent  upon  pathological  conditions  of 
the  naso-pharynx,  upon  the  influence  of  climate  and  hygiene, 
and  the  presence  of  constitutional  disorders.  The  degree  in  which 
the  hearing  is  impaired  depends  upon  the  special  localisation  of 
the  morbid  processes.  The  loss  is  generally  gradual  and  slow  in  its 
progress  ;  in  some  cases  the  process  is  rapid,  and  a  severe  degree 
of  deafness  is  the  corresponding  result.  Implication  of  the 
labyrinth  is  always  a  serious  feature. 

During  the  course  of  the  symptoms   there  are  often  intervals, 
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of  varying  lengths,  during  which  little  if  any  change  can  be 
detected.  So  long  as  tinnitus  and  other  subjective  symptoms  are 
absent,  it  may  be  inferred  that  the  labyrinth  is  not  involved ; 
but  even  in  cases  of  this  kind  the  hearing  may  rapidly  become 
impaired.  In  a  case  recorded  by  Dr.  Hedinger,*  in  which  the 
autopsj^  showed  ankylosis  of  all  the  ossicles  of  the  right  ear.  the 
hearing-distance  had  been  tested  and  found  normal  only  a  year 
before  death.  The  rapid  development  of  the  process  was  thought 
to  explain  the  absence  of  subjective  sensations,  which  would  not 
have  been  wanting  had  the  labyrinth  been  correspondingly 
affected. 

In  syphilitic  subjects,  and  in  persons  with  hereditary  pre- 
disposition to  aural  disease,  adhesive  catarrh  sometimes  causes 
total  deafness,  which  results  from  implication  of  the  labyrinth. 
The  aural  complaint  may  accompany  the  development  of  second- 
ary symptoms,  or  may  supervene  at  a  much  later  period. 

Politzerf  draws  special  attention  to  the  fact  that  in  cases  of 
adhesive  catarrh  with  impairment  of  hearing  on  one  side  only,  the 
still  normal  ear  is  very  liable  to  become  affected.  When  this 
extension  occurs,  the  progress  of  the  disease  in  the  latter  ear 
is  seldom  chronic,  but  generally  very  rapid.  After  a  short 
interval,  the  impairment  is  more  marked  in  the  ear  last 
attacked  than  on  the  other  side,  in  which  the  symptoms  had 
existed  possibly  for  several  years. 

In  adhesive  catarrh  of  the  middle  ear  spontaneous  improve- 
ment is  extremely  rare ;  when  it  occurs,  it  is  due  to  disintegration 
and  absorption  of  the  newly-formed  tissue.  Sometimes  the  con- 
dition is  complicated  b}'  the  supervention  of  acute  inflammation, 
either  catarrhal  or  suppurative,  and  this  is  accompanied  by 
aggravation  of  all  the  sjnnptoms. 

Diagnosis. — This  is  based  upon  an  examination  of  the  mem- 
brana  tympani  and  the  Eustachian  tube,  upon  the  history  of  the 
case,  the  subjective  symptoms,  and  the  results  yielded  by  testing 
the  hearing.  With  regard  to  the  tympanic  membrane,  the 
changes  to  be  looked  for  are  an  indrawn  or  sunken  condition. 
alterations  in  tension,  partial  or  general  thickening,  atrophy,  or 
calcareous  deposits.  The  condition  of  the  Eustachian  tube,  and, 
to   some   extent,  that  of  the  t^'uipanic  cavity,  can  be  determined 

*  Arcliives  of  Otology,  xiii.  p.  47. 

t  Lehrlmch  (lev  OhrcnheUhnnde,  2  Aufl.  S.  l241. 
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by  auscultation  during  the  injection  of  air.  eitlier  by  means  of 
A'alsalva's  or  Politzer's  method,  or  with  the  aid  of  a  catheter. 

It  is  all-important  to  distinguish  between  adhesive  catarrh, 
and  its  results  upon  the  sound-conducting  apparatus  and 
labyrinthine  affections.  The  diagnosis  is  sometimes  attended 
with  great  difficulties,  and  the  frequent  co-existence  of  the  two 
affections  must  always  be  kept  in  mind.  AMien  adhesive  inflam- 
mation alone  exists,  osseous  conduction  is  unimpaired ;  but  when 
the  labyrinth  is  involved,  the  vibrations  of  the  tuning-fork  applied 
to  the  head  are  either  not  heard  at  all,  or  very  indistinctly  per- 
ceived. If,  with  this  loss  of  osseous  conduction,  there  be 
increasing  deafness  and  continuous  noises  in  the  ear.  disease 
of  the  nervous    apparatus  may  be  affirmed  to  exist. 

The  methods  of  using  the  tuning-fork  in  diagnosis  have 
already  been  described  (see  page  89).  When  a  positive  result  is 
obtained  with  Weber's  experiment — that  is,  when  a  tuning-fork 
applied  to  the  head  is  heard  best  on  the  affected  side — disease 
of  the  middle  ear  is  indicated.  Kinne's  test  (page  93)  is 
of  less  value  than  Weber's  (page  90),  though  opinions  differ 
considerably  on  this  point.  Gruber*  takes  as  an  example  a  case 
in  which,  as  a  result  of  hyperplasia,  there  is  rigidity  of  the 
fenestra  ovalis  and  rotunda,  with  disorder  of  sound-conduction, 
but  the  labyrinth  remains  intact.  In  such  a  case,  Rinne"s 
••  positive  "  experiment  is  saccessful ;  but  the  tuning-fork  held 
before  the  meatus  is  heard  for  a  shorter  time  than  under  normal 
circumstances.  Gruber  asks  whether  exactly  the  same  result  may 
not  be  obtained  from  a  patient  with  labyrinthine  disease  not  far 
advanced,  and  he  answers  this  question  in  the  affirmative.  And 
if  a  negative  result  be  jaelded,  it  is  evident  that  the  same  might 
be  expected  in  both  diseases,  so  that  as  a  means  of  positive 
diagnosis   Rinne's  test  is  not   to  be   relied   on. 

Bezold  and  Rohrer,  who  have  investigated  this  question,  state 
that  a  neo-ative  result  with  Riinie's  test,  in  all  bilateral   affections 

o 

of  the  ear,  with  no  great  difference  in  the  hearing-power  on  the 
two  sides,  is  indicative  of  changes  in  the  sound-conducting  appa- 
ratus. On  the  other  hand,  a  normal  positive  result  with  Rinne's 
test,  w^ith  great  impairment  of  hearing  and  negative  results  from 
the  speculum  and  air-douche,  excludes  any  essential  participation 
of  the  sound-conducting  apparatus,  whether  the  disorder  be  on 
*  Lehrhiich  (lev  OhrenlteillnuKle,  'I  Aufl.  S.  480. 
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one  or  both  sides.  This  statement  holds  good  in  many  cases,  but 
the  exceptions  are  too  many  to  admit  of  its  being  universally 
applicable.  Gruber  thinks  that  disease  in  the  sound-conducting* 
apparatus  can  be  inferred  with  absolute  certainty  when  Weber's 
test  gives  positive  results,  and  Rinne's  a  result  which  is  either 
negative  or  nearly  so — that  is  to  say,  when  the  sound  is  heard  for 
a  very  short  time.  The  latter  is  therefore  in  some  measure  to  be 
considered  as  a  test  of  the  diagnosis,  based  on  Weber's  experi- 
ment, of  a  lesion  in  the  sound-conducting  apparatus.  The 
converse  of  this  proposition  does  not  hold  good — that  is  to  saj^ 
if,  in  a  given  case,  the  result  yielded  by  Rinne's  test  be  positive, 
and  that  by  Weber's  be  negative,  disease  of  the  sound-conducting 
apparatus  cannot  always  be  excluded. 

In  order  to  test  the  condition  of  the  membrana  tympani,  to 
ascertain  how  far  it  is  adherent,  and  likewise  the  state  of  tension 
of  the  ossicular  chain,  the  parts  are  examined  while  air  is  forced 
into  the  tympanum,  and  when  air  is  rarefied  in  the  meatus  by 
means  of  Siegle's  apparatus.  Portions  of  the  membrane  which 
are  dra^^'n  inwards  or  sunken,  but  not  adherent,  are  bulged  out 
when  the  tympanum  is  filled  with  air,  and  are  seen  to  move  when 
Siegle's  speculum  is  used  ;  they  return  to  their  former  position 
when  the  pressure  is  taken  off.  No  such  changes  are  observable 
after  adhesions  have  taken  place.  Strands  of  tissue  stretched 
between  the  membrane  and  the  inner  ^yall  of  the  tympanum 
cannot  be  thus  detected  ;  Politzer  states  that  the  attached  parts 
of  the  membrane  possess  a  certain  amount  of  mobility,  and  may 
yield  to  pressure. 

It  would  appear  that  alterations  of  the  tension  in  the  sound- 
conducting  apparatus  may  exist  to  some  extent  without  leading  to 
obvious  functional  disorder.  As  reo'ards  the  membrane  itself, 
such  alterations  cannot  be  ascertained  by  inspection  alone. 
When  the  membrane  is  drawn  in^^'ards  and  dull,  it  may  appear 
when  examined  with  Siegle's  speculum  to  be  much  relaxed,  and 
a  membrane  apparently-  normal  on  inspection  may  prove  to  be  in 
a  state  of  tension.  Slight  alterations  in  this  latter  condition 
cannot  be  diagnosed  by  means  of  the  pneumatic  speculum  ;  but 
excessive  mobility  and  an  opposite  state  of  the  membrane  point 
respectively  to  diminution  and  increase  of  tension,  and  free  move- 
ment of  the  handle  of  the  malleus  excludes  the  possibility  of 
ankylosis  between  this  bone  and  the  incus.      There  is  one  clinical 
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fact  of  considerable  importance,  viz.,  that  onl\'  slight  deafness  is 
often  observed  associated  with  great  tension,  and  still  more  often 
^\ith  decided  relaxation  of  the  membrane,  and  an  altered  position 
of  the  handle  of  the  malleus,  this  part  of  the  bone  being  drawn 
decidedly  backwards  and  inwards  (Politzer). 

Prognosis. — The  prognosis  in  adhesive  middle-ear  catarrh  is 
for  the  most  part  nnfavonrable.  only  in  a  small  proportion  of  cases 
can  any  improvement  he  effected  by  treatment.  A  return  to  the 
normal  condition,  or  even  a  cessation  of  the  moi-bid  process,  is. 
ver}'  exceptional.  In  most  cases,  notwithstanding  treatment,  the 
symptoms  steadily  grow  worse,  until  the  deafness  Ijecomes  very 
marked,  as  a  result  of  ank^dosis  of  the  ossicles.  Many  years 
ma}',  however,  elapse  before  this  stage  is  reached.  Absolute 
deafness  does  not  occur  unless  the  labyrinth  be  profoundly 
implicated.  The  prognosis  is  unfavourable  in  cases  in  which 
Meniere's  group  of  symptoms  is  observed,  and  in  which  the 
noises  in  the  ears  are  very  troublesome,  and  are  not  relieved 
by  the  use  of  the  air-douche.  If  the  subjective  sensations  be 
continuous,  and  accompanied  by  impairment  of  bone-conduction, 
improvement  is  all  but  impossible.  There  are,  of  course,  many 
grades  in  the  disease,  and  the  prognosis  is  influenced  by  the 
circumstances  connected  with  individual  cases.  A  previous 
history  of  naso-pharyngeal  catarrh  renders  the  prospect  more 
favourable  than  it  must  be  in  the  absence  of  such  symptoms, 
when  the  case  is  probabh^  one  of  insidious  adhesive  inflammation, 
coupled  with  disease  of  the  labyrinth.  The  prognosis  is  com- 
paratively  favourable  when  the  hearing  is  not  much  impaired ; 
when  the  subjective  sensations  are  either  absent  or  not  very 
marked  ;  when  osseous  conduction  is  not  diminished,  and  when 
the  symptoms  are  decidedly  improved  after  the  air-douche.  It 
is  unfavourable  under  opposite  circumstances,  especially  when 
these  are  accompanied  by  a  normal  appearance  of  the  membrana 
tympani  and  permeability  of  the  Eustachian  tube.  Rapid  dimi- 
nution of  osseous  conducting  power  is  of  evil  import.  With  regard 
to  general  and  individual  conditions  as  affecting  the  prognosis,  it 
may  be  stated  that  the  prospect  is  unfavourable  in  old  persons,  and 
in  the  subjects  of  cachexia,  and  especially  in  those  with  a  syphilitic 
history.  The  prognosis  is  likewise  bad  in  drunkards,  and  in  persons 
whose  avocations  expose  them  to  cold  and  damp.  Hereditarj^  pre- 
disposition to  aural  disease  is  another  unfavourable  circumstance. 
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In  a  large  number  of  cases  a  trustworthy  prognosis  cannot 
be  given  until  tlie  patient  has  been  seen  several  times  and  the 
result  of"  treatment  carefully  noted.  The  surgeon  ma}'  then  be 
able  to  form  an  opinion  as  to  whether  improvement  may  be 
expected,  whether  the  disease  will  go  from  bad  to  worse,  or 
whether  the  patient's  condition  as  regards  hearing  and  other 
symptoms  is  likely  to  be  maintained. 

Treatment. — In  cases  of  adhesive  catarrh  of  the  tympanum, 
the  throat  should  be  examined  in  order  to  see  whether  any 
symptoms  of  catarrh  are  present  in  the  naso-phar^'nx.  If  the 
mucous  membrane  be  hyperaemic,  swollen,  and  relaxed,  an  en- 
deavour should  be  made  to  effect  an  improvement  by  the  remedies 
mentioned  in  a  previous  chapter  (see  page  247).  In  most  cases, 
however,  no  evidences  of  any  recent  affection  will  be  found  in 
the  throat,  and  the  treatment  must  be  directed  to  the  tympanum 
itself.  The  condition  of  the  Eustachian  tube  and  the  general  state 
of  the  patient  will,  of  course,  require  attention. 

In  adhesive  inflammation  of  the  middle  ear.  restoration  of 
the  mobility  of  the  affected  parts  and  arrest  of  the  progress  of 
the  disease  are  the  primary  aims  of  treatment,  and  these  results 
may  sometimes  be  achieved  by  the  employment  of  the  air-douche. 
Improvement  of  hearing-power  and  lessening  of  subjective  sensa- 
tions and  other  head-symptoms  are  certainly  feasible  in  some 
•cases.  Valsalva's  method  of  forcing  air  into  the  tympanum  is 
not  to  be  recommended  for  the  purposes  above  mentioned :  the 
•choice  lies  between  Politzer's  plan  and  the  employment  of  the 
Eustachian  catheter.  According  to  its  inventor,  the  former 
may  be  tried  whenever  the  tubes  are  pervious ;  the  catheter  is 
indicated  when  there  is  obstruction  to  the  passage  of  air. 
Politzer  states  that  in  cases  of  the  latter  kind  the  injection  of  air 
through  a  catheter  may  not  only  improve  the  hearing,  but  also 
•considerably  relieve  the  subjective  symptoms,  and  that  its  efficacy 
in  these  respects  is  often  greater  than  that  of  his  method. 

Great  caution  and  gentleness  must  be  exercised  in  using  the 
air-douche  ;  a  prolonged  course  of  such  treatment  may  have  a 
very  prejudicial  effect  upon  the  condition  intended  to  be  relieved. 
The  douche  should  be  used  every  second  or  third  day,  and  thus 
continued  for  about  four  or  six  weeks.  The  patient  must  then 
be  examined  from  time  to  time,  and  if  there  are  evidences  of 
renewed  progress   of  the  symptoms,   another  course   of  the   air- 
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(loiu'lie  should  be  recommended.  This  plan  should  have  a  fair 
trial ;  whenever  possible,  the  air-douche  ought  to  be  used  in 
short  cjurses,  extending  over  many  months,  or  even  several 
years.  As  a  matter  of  course,  if  the  symptoms  are  aggravated 
by  this  method  of  treatment  it  is  useless  to  persevere  with  it. 
It  not  infrequently  happens  that  Politzer's  method  decidedly 
increases  the  subjective  sensations,  and  especially  the  feeling  of 
pressure  within  the  ear.  Under  such  circumstances  its  use  is 
altogether  contra-indicated. 

Application  of  Remedies  to  the  Tympanum. — The  effects  of  the 
air-douche  are  purely  mechanical ;  the  application  of  remedies  to 
the  tympanum  is  the  next  subject  for  consideration.  Such 
remedies  may  be  employed  either  in  the  form  of  solution  or  in 
that  of  vapour ;  solutions  are  now  generally  preferred.  Their 
effects  are,  to  a  considerable  extent,  due  to  the  force  of  the 
current  of  air  which  conveys  them  to  the  tympanum  ;  but  some 
of  the  remedies  have  a  relaxing  effect  upon  the  stiffened  tissues, 
and  thus  facilitate  the  action  of  the  injected  air.  It  is  also 
possible  that  some  amount  of  absorption  may  result  from  the 
irritation  set  up  by  the  remedies.  Before  using  the  injections 
in  the  manner  about  to  be  described,  the  air-douche  should  be 
employed  to  dilate  the  Eustachian  tube,  and  to  remove  any  mucus 
which  it  may  contain. 

Fluid  should  not  be  injected  directly  into  the  tympanum  on 
account  of  its  liability  to  set  up  acute  inflammation  of  that  region. 
AVhen  a  lotion  is  used,  one  or  two  drops  of  the  warmed  solution 
should  be  injected  into  a  catheter — held  horizontally  after  it  has 
been  placed  in  position — and  then  propelled  through  the  Eusta- 
chian tube  by  means  of  an  air-bag.  By  this  method  the  fluid  is 
carried  into  the  middle  ear  in  the  form  of  spray,  and  all  the  bene- 
flcial  action  of  the  lotion  is  obtained  without  the  risk  attending  the 
injection  of  several  drops  of  fluid  into  the  tympanum. 

Many  drugs  have  been  employed  for  injection  into  the  middle 
ear ;  the  principal  are  borax  (1 — 2  per  cent,  solution)  ;  bicar- 
bonate of  soda  (1 — 10  per  cent.);  chloride  of  ammonium  (1  per 
cent.)  ;  nitrate  of  silver  ('o  per  cent.) ;  perchloride  of  mercur}' 
(1  per  cent.) ;  iodide  of  potassium  (3  per  cent.) ;  chloride  of 
sodium  (3  per  cent.)  ;  and  caustic  potash  (-25  per  cent.). 
Politzer  recommends  the  following  solution  : — 1^  Sodii  Bicarb. 
•5;  Aquae  Destill.  lO'O;  Glycerin,  pur.  2-0.     This  solution  causes 
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but  little  irritation,  either  of  the  tympanic  mucous  membrane  or 
of  the  throat.  The  same  author  states  that  he  has  obtained 
satisfactory  results  in  several  cases  from  injections  into  the 
tympanum  of  five  or  six  drops  of  a  two  per  cent,  solution  of 
pilocarpin.  The  injection  is  often  followed  by  slight  salivation 
and  increase  of  perspiration.  In  cases  of  syphilis  the  solution 
of  the  iodide  of  potassium  should  be  employed,  appropriate  con- 
stitutional treatment  being  at  the  same  time  adopted. 

In  applying  remedies  to  the  t^'mpanic  mucous  membrane, 
those  which  produce  a  marked  reaction  must  be  scrupulously 
avoided.  Experience  shows  that  inflammation  thus  set  up  is 
wont  to  be  followed  by  bad  results,  and  notably  by  rapid 
impairment  of  hearing-power.  There  is  always  risk  of  producing 
hyperemia  in  the  tympanum  and  a  congested  state  of  the 
diseased  portions. 

If  this  treatment  be  continued  for  from  four  to  eight  weeks, 
or  even  for  a  shorter  period,  the  injections  being  used  every  second 
or  third  day,  considerable  improvement  in  the  hearing-power  will 
frequently  be  noticed,  and  when  this  is  not  the  case  the  sub- 
jective sensations  and  the  unpleasant  feelings  in  the  head  will  often 
be  ameliorated.  As  a  general  rule  it  may  be  stated  that  if  no 
improvement  take  place  after  two  to  three  weeks'  treatment  no 
benefit  can  be  expected  from  this  method. 

Eemedies  can  also  be  applied  in  the  form  of  vapour,  the 
medicines  most  often  used  in  this  way  being  chloride  of 
ammonium,  turpentine,  carbonate  of  ammonium,  iodine,  acetic 
acid,  and  various  balsams.  Politzer  states  that  he  has  obtained 
the  best  results  from  iodic  ether.  He  uses  the  vapours  of  chloride 
of  ammonium  and  turpentine  by  way  of  experiment  in  cases  in 
which  injections  have  proved  useless,  owing  to  a  swollen  condition 
of  the  Eustachian  tubes.  The  method  of  applying  vapours  to  the 
tympanum  has  been  described  in  a  previous  chapter  (seepage  144). 

It  would  appear  that  the  air  injected  with  the  fluids  and 
vapours  is  the  main  factor  in  causing  an  improvement.  In  many 
cases,  however,  the  combination  of  fluids  or  vapours  much  in- 
creases the  effect  of  the  air-douche.  Fluids,  as  already  stated, 
would  seem  to  be  more  effective  than  vapours ;  von  Troltsch 
recommends  a  combination  of  the  two  methods ;  after  injecting 
steam  for  a  short  time  he  employs  a  stimulating  fluid. 

AVhen  the  method  of  treatment  by  injections  is  being  pursued,. 
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the  state  of  the  symptoms  must  be  carefully  watched.  If  any 
change  for  the  worse  take  place,  either  the  injections  should  be 
altogether  discontinued  or  the  air-douche  alone  used. 

Rarefaction  of  the  Air  in  the  external  meatus  will  sometimes 
assist  in  rendering  the  membrane  more  capable  of  movement  and 
improving  the  hearing-power.  The  process  is  effected  by  means 
of  a  small  india-rubber  bag,  about  2^  inches  in  diameter  and  con- 
nected with  a  tube,  about  a  foot  long,  terminating  in  an  olive- 
shaped  nozzle,  fitting  closely  into  the  meatus.  To  use  the  instru- 
ment, the  bag  is  compressed  so  as  to  drive  out  the  air,  when  the 
nozzle  is  fixed  tightly  in  the  meatus  ;  pressure  is  then  taken  off 
the  bag,  with  the  effect  of  producing  rarefaction  of  the  air  in  the 
auditory  canal  and  exerting  traction  on  the  membrane.  This  pro- 
cess may  be  repeated  four  or  five  times  at  one  sitting.  Politzer 
also  recommends  a  gradual  rarefaction  of  the  air,  effected  by  the 
hermetical  occlusion  of  the  external  meatus.  When  this  has  been 
accomplished,  the  action  of  the  atmospheric  pressure  upon  the 
membrane  is  suspended  and  the  inward  collapse  of  the  latter  is 
prevented.  A  plug  of  cotton-wool,  as  large  as  a  hazel-nut  and 
moistened  with  oil,  is  passed  into  the  external  part  of  the  carti- 
laginous portion  of  the  meatus.  When  the  canal  is  properly 
occluded,  a  watch  will  be  heard  only  on  contact  with  the  auricle. 
The  plug  should  be  introduced  in  the  evening  and  allowed  to 
remain  till  the  morning,  and  this  plan  should  be  persevered  with 
for  two  or  three  weeks.  Lucae's  method*  appears  to  be  also  of  ser- 
^•ice  in  some  cases  in  which  the  membrane  is  much  drawn  inwards. 
He  employs  a  small  instrument  which  he  terms  "  a  spring  pressure- 
probe,"  the  extremity  of  which  is  so  applied  to  the  tympanic 
membrane  as  to  press  inwards  the  short  process  of  the  malleus. 
The  movements  are  repeated  several  times  in  succession,  and  it  is 
claimed  that,  in  suitable  cases,  the  rigidity  of  the  chain  of  ossicles 
will  be  mechanically  removed.  According  to  Lucae  the  treatment 
by  means  of  the  probe  is  adapted  onh^  for  the  cases  in  which 
Ilinne's  experiment  gives  negative  results  in  connection  with 
marked  diminution  of  hearing  for  speech,  and  other  symptoms  of 
disease  of  the  sound-conducting  apparatus.  The  instrument  is 
introduced  in  a  direction  parallel  with  the  anterior  superior  wall 
of  the  meatus,  and  perpendicularly  to  the  base  of  the  short  process, 
to  which  the  ball  of  the  probe  is  applied.  From  one  to  ten 
*  Arrhir.  f.  Ohrenheilhunde,  xxi   84. 
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pressure-movements  are  then  made  in  succession.  Great  care  and 
gentleness  are  necessary-,  and  in  some  cases  this  method  of  treat- 
ment is  followed  by  slight  temporary-  improvement.  It  has,  how- 
ever, the  drawback  of  often  causing  severe  pain,  and  the  results  as 
regards  the  hearing-power  are  sometimes  decidedly  mischievous. 
The  effect  on  the  subjective  symptoms  is  similar  to  that  produced 
by  massage  in  like  cases.* 

Another  plan,  resembling  massage  in  its  action,  is  that  devised 
by  Hommel.t  The  tragus  is  pressed  bv  the  finger  into  the 
meatus  and  then  allowed  to  return  to  its  place,  thus  causing 
alternately  condensation  and  rarefaction  of  the  air  in  the  canal. 
The  manipulations  are  repeated  four  or  five  times  daily  for  about 
a  minute  and  a-half;  the  tragus  is  pressed  inwards  about  150 
times  on  each  occasion.  It  is  claimed  that  in  the  early  stages  of 
the  disease,  in  cases  not  benefited  by  the  air-douche,  these  manipu- 
lations sometimes  result  in  a  decided  improvement  of  the  hearing. 
It  is  improbable  that  they  act  directly  upon  a  rigid  malleo-incudal 
articulation  ;  but  they  may  cause  rh}i:hmical  movements  of  the 
membrane  and  prevent  increase  of  rigidity  and  adhesions.  Xo 
harm  can  result  from  practising  Hommel's  method ;  in  some  cases, 
it  certainly  relieves  the  subjective  sensations. 

The  improvement  which  may  be  effected  by  the  above-de- 
scribed methods  of  treatment  is  rarely  of  a  permanent  character  ; 
after  a  time  the  hearing  is  apt  to  grow  worse  and  the  subjective 
sensations  become  aggravated.  The  advent  of  relapses  may  be 
delayed  by  short  courses  of  treatment  from  time  to  time.  Recourse 
should  be  had  to  the  air-douche  and  injections,  the  method  and 
remedy  selected  being  determined  by  the  amount  of  success 
previously  experienced.  It  is  well  to  recommend  a  course  of 
treatment  extending  over  three  or  four  weeks,  and  repeated  twice 
or  three  times  a  year,  or  even  more  frecjuently. 

The  Subjective  Symptoms,  the  noises  in  the  ear,  often  cause 
much  distress,  and  for  their  successful  treatment  it  is  all-important 
to  discover  the  condition  with  which  they  are  connected.  Tinnitus 
is  a  common  symptom  in  a  large  number  of  aural  diseases,  and 
therefore  admits  of  no  special  treatment ;  it  subsides  with  the 
disappearance  of  the  original  lesion,  which  may  be  situated  in 
some  part  not  directly  connected  with  the  ear.     Thus  there  may 

*  See  a  paper  on  Lucae's  method  by  Dr.  Eitelberg,  Archives  of  Otologij,  xv.  36. 
+  Archil'  f.  Ohrenhfilhunde,  xxiii.  17. 
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be  a  primary  or  secondary  affection  of  the  labyrinth,  a  disease  of 
the  brain  or  of  some  cerebral  nerve,  and  in  these  cases  electricity 
may  possibly  be  of  service.  On  the  other  hand,  there  may  be  a 
history  of  syphilis  or  of  debility  the  result  of  some  other  cachexia, 
and  in  such  cases  the  sensation  in  the  ear  will  probably  be 
relieved  by  constitutional  treatment.  When  there  are  no  such 
indications,  and  when  local  measures  fail  to  afford  relief,  recourse 
may  be  had  to  such  remedies  as  chloral,  the  bromides,  hydrobromic 
acid,  iodide  of  potassium,  and  morphine.  Narcotics  are  sometimes 
requisite  in  cases  where  the  tinnitus  prevents  sleep.  The  relief 
obtained  from  any  of  these  medicines  is  for  the  most  part  tem- 
porary. These  subjective  sensations  will  be  again  referred  to  in 
the  chapters  on  Diseases  of  the  Labyrinth. 

As  already  mentioned,  the  Eustachian  tubes  are  rarely  normal 
in  cases  of  adhesive  inflammation  of  the  tympanum.  Their  con- 
dition, however,  varies  ;  in  some  cases,  the  mucous  membrane  is 
swollen  and  relaxed,  and  the  calibre  is  more  or  less  narrowed, 
while  in  others,  the  condition  is  one  of  atrophy  and  the  tubes  are 
abnormally  patent.  For  details  of  treatment  the  reader  is  referred 
to  a  previous  chapter  (see  page  105).  The  employment  of  bougies- 
for  the  purpose  of  dilating  the  tubes  is  not  to  be  recommended. 
The  author  believes  that  this  practice  is  fraught  with  serious  risk, 
and  that  the  result  asserted  to  have  been  obtained,  viz.,  restoration 
of  patenc}',  may  be  more  safely  achieved  by  the  use  of  the  air- 
douche  and  catheter  and  the  injection   of  solutions. 

In  addition  to  local  remedies,  there  are  various  general  rules 
which  should  never  be  neglected  in  dealing  with  patients  suffer- 
ing from  adhesive  middle-ear  catarrh.  All  details  connected  with 
the  mode  of  life  and  condition  of  general  health  should  be  care- 
fully attended  to.  Thus  the  patient  should  be  protected,  as  far 
as  possible,  from  all  injurious  influences,  and  especially  from 
damp  and  cold,  and  from  loud  noises.  His  rooms  should  be  well 
ventilated,  and  in  bright  dry  weather  plenty  of  exercise  in  the 
open  air  is  likely  to  prove  beneficial.  The  diet  must  be  adapted 
to  the  state  of  the  individual ;  alcoholic  liquors  and  tobacco  maj' 
be  allowed  in  strict  moderation  to  those  accustomed  to  them,  and 
this  rule  must  be  very  carefully  observed.  Excessive  mental  strain 
and  excitement  are  almost  invariably  mischievous,  and  must 
therefore  be  avoided  as  far  as  possible.  The  state  of  the  skin 
should  be  attended  to:  a  warm  l)ath  once  or  twice  a  week  will 
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prove  beneficial.  Cold  bathing  and  the  application  of  cold  water 
to  the  head  are  to  be  avoided,  except  by  strong  and  vigorous 
individuals  with  no  tendency  to  catarrh. 

Change  of  air  and  a  prolonged  residence  in  mountainous 
regions  often  have  a  good  effect  upon  the  course  of  adhesive 
catarrh.  Politzer  states  that  he  has  seen  many  cases  thus 
benefited  after  a  lengthy  but  fruitless  course  of  local  treatment. 
A  change  to  a  hilly  district  is  especially  indicated  for  weakly, 
anaemic,  and  scrofulous  subjects.  In  cold  weather,  a  change  to  a 
warmer  climate  is  generally  advisable,  and  particularly  for  those 
who  are  prone  to  suffer  from  naso-pharyngeal  catarrh.  The  state 
of  the  patient's  constitution  should  be  considered  in  making- 
choice  of  a  health-resort.  Gouty  subjects  should  be  sent  to 
Carlsbad,  Marienbad,  Yichy.  or  Kissingen  ;  for  rheumatism. 
Bath,  Buxton,  or  some  one  of  the  Continental  Spas  should  be 
selected,  while  iron-springs  are  indicated  for  anaemic  subjects. 
As  a  general  rule,  internal  treatment  of  any  kind  is  useful  only 
as  an  adjunct  to  local  measures,  and  for  cases  exhibiting  evidences 
of  marked  dyscrasia.  AYhen  there  is  a  history  of  syphilis,  the 
administration  of  mercury  or  iodine  should  be  combined  with 
local  treatment,  and  should  be  perse veringly  continued  until  the 
remedies  have  been  thoroughly  tried. 

Operative  Treatment. — It  remains  to  describe  various  opera- 
tions, having  for  their  object  the  amelioration  of  the  spnptoms 
of  adhesive  catarrh.  In  many  cases  of  this  disease,  no  permanent 
improvement  is  effected  by  local  treatment  :  the  ossicles  become 
more  and  more  firmly  ankylosed  and  incapable  of  movement. 
and  deafness  and  subjective  sensations  are  very  •  prominent 
spnptoms.  Some  twenty  years  ago.  Professor  Schwartze  pro- 
posed to  relieve  this  condition  by  excising  the  tympanic  mem- 
brane and  the  malleus.  In  some  cases  thus  treated,  the  subjective 
symptoms  were  either  decidedly  improved  or  altogether  removed  ; 
but  the  permanence  of  the  result  was  prevented  by  reproduction 
of  the  tympanic  membrane.  Many  operations  of  this  kind  (fifty- 
five  on  forty-seven  patients)  were  subsequently  performed  by 
Lucae.  who  described  the  operation  as  free  from  danger,  but  not 
altogether  satisfactory.  Another  German  surgeon,  Kessel,  showed 
that  regeneration  of  the  membrane  might  be  prevented  by 
detaching  the  tendinous  ring  in  the  posterior  superior  portion 
of  the  circumference. 
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Excision  of  the  Tympanic  Membrane  and  Ossicles.— Tlie  indica- 
tions for  the  operation  are  by  no  means  clear.  It  cannot  yield 
an}^  good  results  if  the  labyrinth  be  involved  or  if  the  stapes  be 
firmly  adherent  to  the  fenestra  ovalis.  If,  however,  there  be  only 
a  certain  amount  of  rigidity  in  the  structures  closing  the  fenestra, 
accompanied  by  an  indrawn  membrane  and  firm  adhesions  between 
the  malleus  and  incus,  the  operation  may  be  attended  with  more 
or  less  success.  Removal  of  the  membrane  and  of  one  or 
both  of  these  bones  will  lessen  the  obstacles  to  the  conduction  of 
sound. 

The  details  of  the  operation  are  as  follows : — An  incision 
through  the  membrane  is  made  with  a  paracentesis  knife  at  the 
middle  of  the  lower  border.  A  blunt-pointed  knife  is  then 
passed  through  the  opening  thus  made  and  carried  upwards,  first 
on  one  side  and  then  on  the  other,  to  the  highest  point  in  the 
upper  border,  so  as  to  effect  complete  separation  from  the  sulcus 
ii/mjjanicus.  At  the  posterior  and  upper  part,  the  tendinous  ring 
is  likewise  removed.  After  dividing  the  tendon  of  the  tensor 
with  a  tenotome,  and  cutting  through  the  malleo-incudal  joint,  the 
handle  of  the  malleus,  together  with  the  membrane,  is  seized 
with  a  pair  of  forceps  and  carefully  dra^\'n  out.  The  forceps 
should  be  applied  as  high  up  as  possible ;  some  authorities 
recommend  that  the  removal  should  be  effected  by  means  of 
Wilde's  polypus-snare.  Tlie  incus  is  generally  removed  at  the 
same  time ;  if  loosened  from  its  attachment  to  the  stapes,  it  will 
not  interfere  with  sound-conduction.  It  ma}^  be  detached,  if 
necessary,  by  means  of  the  snare.  Sometimes  the  head  of  the 
malleus  is  firmly  fixed  to  the  roof  of  the  tympanum  ;  it  is  then 
advisable  to  cut  through  the  adhesions  with  a  synechotome,  while 
the  bone  is  held  in  the  loop  of  the  snare. 

An  operation,  such  as  that  above  described,  is  practicable 
only  when  the  calibre  of  the  meatus  is  perfectly  normal.  General 
anaesthesia  is  always  necessary  ;  the  opei'ation  requires  some  time 
for  its  performance,  owing  to  the  minuteness  of  the  parts  to  be 
dealt  with  and  the  ha^morrliap'e  which  is  liable  to  occur.  Svrino- 
ing  should  not  be  practised  as  a  preliminary  step,  inasmuch  as  it 
always  causes  more  or  less  hyperoemia  of  the  membrane  and 
internal  portion  of  the  meatus.  A  few  minutes  before  the 
operation,  the  canal  may  be  filled  with  warm  sublimate  solution 
(1  :  1000),  which  is   allowed   to   remain  for  a   minute,  and    then 
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removed.  In  spite  of  this  precaution,  and  the  employment  of 
antiseptics  after  the  operation,  suppurative  inflammation  of  the 
middle  ear  is  a  somewhat  frequent  result.  When  the  membrane 
is  much  retracted,  though  still  movable  to  some  extent,  it  is  well 
to  give  a  Politzer's  inflation  or  inject  air  through  a  catheter  before 
the  operation,  in  order  to  increase  the  tympanic  space  as  much  as 
possible.  In  order  to  gain  more  room,  some  authorities*  have 
recommended  preliminary  detachment  of  the  auricle  and  cartila- 
ginous portion  of  the  meatus,  followed  b}'  the  removal  of  the 
external  wall  of  the  "  attic,"  and  of  the  upper  and  posterior  part 
of  the  osseous  canal. 

Excision  of  the  Stapes  is  another  operation  which  was  suggested 
and  practised  by  Kessel.  The  necessary  manipulations  must, 
however,  be  very  difficult,  and  they  involve  the  risks  attendant 
upon  opening  the  labyrinth.  e.(j..  purulent  internal  otitis  and 
meningitis.  It  has  also  been  proposed,  as  a  less  serious  operation, 
to  loosen  the  stapes  t  when  firmly  adherent  to  the  fenestra.  The 
posterior  superior  quadrant  of  the  tympanic  membrane  is  partially 
excised,  and  through  the  opening  thus  made  a  small  hook  or  bent 
probe  is  passed.  The  attempt  is  then  made  to  pass  the  instrument 
between  the  crura  of  the  stapes,  and  to  move  the  bone  in  various 
directions. 

Nearly  all  the  surgeons  ^^•ho  have  performed  these  operation>^ 
are  fain  to  admit  that  the  general  results  are  far  from  satisfactory. 
It  may  well  be  doubted  whether  such  severe  measures  are  really 
justifiable  while  the  indications  for  their  adoption  are  so  im- 
perfectly defined  as  they  are  at  present.  It  is  only  fair,  however, 
to  state  that  some  aural  surgeons  of  repute,  and  notably  Dr. 
Sexton,!  of  Xew  York,  recommend  and  practise  removal  of 
the  tympanic  membrane  ^\i\h.  one  or  more  of  the  ossicles  in  certain 
cases  of  progressive  sclerosis,  in  which  other  forms  of  treatment 
have  failed  to  arrest  the  advance  of  the  disease.  When  there  is 
a  difference  in  the  hearing-power  of  the  two  ears,  Dr.  Sexton 
usually  chooses  the  worse  ear  for  the  operation,  which  he  regards 
as  entirely  free  from  dano-er.  If  reo-eneration  of  the  membrane 
takes  place,  the  newly-formed  tissue  should  be  carefully  cut  away 
with  as  little  irritation  as  possible.     In  some  cases,  this  operation 

'•"  Stacke,  Archlvf.  Ohrenhcllkundc,  vol.  xxxi.  p.  201. 

t  Mior.  Otol.  Cmigress,  Paris,  1889  ;  ArcJnrf.  OhrenheWnmde,  vol.  xxix.  p.  306. 

X  Archives  of  Otologi/,  vol.  xx.  p.  05. 
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has  to  be  repeated  several  times.  ''A  rigid  enforcement  of  dietetic 
rules  which  almost,  or  quite,  exclude  meat,  seems  to  lessen  regene- 
rative action."  Dr.  Sexton  concludes  his  remarks  by  stating  that 
the  permanent  removal  of  the  membrana  tympani  requires  for  its 
success  patience  and  gentleness  in  the  necessary  manipulations : 
but  when  this  obstruction  to  the  entrance  of  sound  to  the  round 
window  and  base  of  the  stapes  is  no  longer  present,  deafness  is 
removed ;  and  where  rigidity  of  the  ossicles  gives  rise  to  tinnitus, 
etc..  these  phenomena  also  cease  with  the  removal  of  the  malleus 
or  malleus  and  incus. 

Artificial  Perforation  of  the  Tympanic  Membrane. — Another  plan 
of  mitigating  the  results  of  chronic  adhesive  catarrh  is  to  make  a 
perforation  in  the  tympanic  membrane,  and  thus  to  provide  a 
channel  for  the  passage  of  sonorous  undulations  to  the  labyrinth. 
The  establishment  of  a  permanent  opening  in  the  membrane  is. 
however,  scarcely  feasible.  Politzer  states  that  if  this  difficulty 
could  be  overcome,  the  operation  would  be  indicated  in  the 
following  cases :  (1)  AYhen  the  membrana  tympani  is  much 
thickened,  and  has  lost  its  elasticity  in  consequence  of  calcareous 
deposits.  (2)  When  the  movements  of  the  malleus  and  incus  are 
prevented  by  adhesions  between  these  bones  and  the  walls  of  the 
tympanum.  (3)  AVhen  the  Eustachian  tube  is  the  seat  of  irre- 
mediable strictures.  (4)  It  might  be  tried,  as  a  last  resource,  in 
cases  of  severe  tinnitus  which  all  other  means  have  failed  to 
relieve. 

As  a  means  of  restoring  the  hearing-power,  the  operation  is. 
of  course,  useless,  whenever  the  labyrinth  is  seriously  affected,  as 
shown  by  loss  of  osseous  conduction.  It  is  also  unavailing  when 
the  stapes  is  firmh'  adherent,  and  when  the  membrane  of  the 
fenestra  rotunda  is  either  thickened  or  covered  with  calcareous 
deposit.  For  the  operation  to  be  successful,  the  footplate  of  the 
stapes  and  the  membrane  of  the  fenestra  rotunda  must  be  cai)able 
of  a  certain  amount  of  mobility. 

Methods  of  Operating. — ^lany  plans  have  been  proposed,  but 
nearly  all  of  them  have  fallen  into  disuse  ;  the  employment  of 
the  galvano-cauter^'  offers  the  best  chance  of  success.  An  aper- 
ture the  size  of  a  hemp-seed  can  be  made  in  a  second  by  the 
application  of  an  ordinary  button-ended  point.  A  full-sized 
speculum  must  be  previously  passed  into  the  auditory  canal,  and 
the    membrane    illuminated    by   the    aid    of    a   forehead    mirror. 
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Politzer  emphasises  the  necessity  for  the  point  to  become  red  hot 
at  the  moment  the  circuit  is  closed,  and  for  the  closure  to  be  made 
immediately  the  cautery  point  touches  the  membrane.  As  a 
preliminary  step  the  patient  should  be  directed  to  inflate  his  ears, 
or  the  air-douche  is  employed  by  an  assistant.  The  cauterisation 
should  be  only  momentary,  for  otherwise  a  large  portion  of  the 
membrane  may  be  destroyed.  No  pressure  must  be  employed,  as 
the  point  of  the  instrument  might  easily  penetrate  to  the  inner 
wall  of  the  tympanum,  and  set  up  inflammation  of  the  mucous 
membrane.  The  most  suitable  spot  for  making  the  opening  is  the 
inferior  portion  of  the  membrane,  because  it  is  at  the  greatest 
distance  from  the  inner  wall.  The  steam  which  is  evolved  during 
the  operation  must  be  blown  away  as  soon  as  possible  (Politzer). 

The  effects  of  the  production  of  an  artificial  opening  vary  in 
different  cases.  There  may  be  little  or  no  improvement  as  regards 
either  the  hearing-power  or  the  subjective  sensations,  and  in  such 
cases  it  may  be  inferred  that  the  stapes  is  immovably  fixed,  and 
that  the  fenestra  rotunda  has  lost  its  elasticity.  On  the  other 
hand,  in  a  fair  proportion  of  cases,  more  or  less  improvement  is 
experienced  ;  though  the  change  is  seldom  permanent,  for  the 
opening  generally  closes  in  the  course  of  two  or  three  weeks,  and 
the  symptoms  recur.  This  result  has  caused  many  attempts  to  be 
made  to  preserve  the  patency  of  the  opening ;  but  none  have  been 
really  successful.  Politzer,  some  twenty  years  ago,  suggested  the 
insertion  of  a  vulcanite  eyelet  into  the  opening.  It  was  found, 
however,  that  in  the  course  of  a  few  days  or  weeks  the  membrane 
showed  signs  of  purulent  inflammation,  which  extended  to  the 
tympanum.  The  eyelet  was  thus  expelled,  and  the  aperture 
sooner   or  later   closed  by   cicatrisation. 

The  results  of  this  method  would  seem  to  show  that  it  is 
likely  to  prove  useful  rather  for  diagnostic  than  for  remedial 
purposes.  It  might  be  tried  as  a  preliminary  to  more  serious 
operations  :  if  followed  by  some  degree  of  improvement,  the 
question  of  removing  the  membrane  might  be  entertained. 
Possibly  some  method  of  keeping  open  an  artificial  perforation 
may  yet  be  discovered  ;  but  up  to  the  present  time  all  attempts 
in  that  direction  have  resulted  in  failure. 

An  Incision  through  the  Posterior  Fold  of  the  tympanic 
membrane  is  another  method  of  treating  certain  conditions  of 
this  structure.     A  brief  account  of  the  operation  has  been  given 
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in  a  previous  chapter  (see  page  329).  It  is  sometimes  performed 
in  cases  of  adhesive  catarrh,  with  the  object  of  reHeving  tension 
of  the  membrane,  thereby  improving  the  hearing-po^^'er  and 
lessening  the  subjective  sensations.  As  necessary  conditions  for 
its  success,  the  Eustachian  tube  must  be  patent,  and  there  must 
be  no  accumulation  of  secretion  in  the  tympanum  ;  absence  of 
adhesions  between  the  membrane  and  the  wall  of  the  labyrinth 
and  comparative  soundness  of  the  nervous  structures  must  like- 
wise be  demonstrated.  The  operation  was  suggested  by  Politzer 
in  1871.  It  is  indicated  in  cases  in  which  the  membrane  is  much 
drawn  inwards,  and  where  the  lower  extremity  of  the  handle  of 
the  malleus  appears  to  be  displaced  in  a  direction  inwards  and 
backwards,  while  the  short  process  and  the  posterior  fold  project 
towards  the  external  meatus.  Under  these  conditions  the  mem- 
brane is  generally  indurated  and  but  little  sensitive,  and  is 
therefore  far  more  suitable  for  incision  than  when  in  an  hypersemic 
and  swollen  state.  As  a  matter  of  course  ordinary  treatment 
should  first  be  tried,  and  if  no  relief  be  obtained,  recourse  may 
be  had  to  this  operation,  under  the   conditions  already  specified. 

The  operation  {see  page  329)  consists  in  dividing  the  posterior 
fold  perpendicularly,  either  from  above  downwards  or  in  the 
opposite  direction,  the  most  suitable  spot  being  immediately 
behind  the  short  process,  but  the  incision  may  be  made  midway 
between  this  and  the  peripheral  end  of  the  fold.  The  division  is 
generally  accompanied  by  a  grating  sound ;  the  wound  in  the 
membrane  gapes,  and  the  handle  of  the  malleus  assumes  a  more 
normal  position.  Haemorrhage  is  generally  slight,  and  can  be 
easily  arrested. 

There  is  some  risk  of  injuring  the  chorda  tympani  nerve, 
though  Lucae  states  that,  in  140  cases  in  which  he  performed 
the  operation,  he  never  witnessed  any  symptoms  of  this  accident. 
If,  ho^^'ever,  the  nerve  be  cut  through,  the  ends  generally  unite  in 
the  course  of  a  few  weeks,  and  its  function  is  restored.  If  the 
fold  be  divided  nearer  to  the  periphery,  there  is  some  risk  of 
injuring  the  long  process  of  the  incus  and  the  articulation  with 
the  stapes.  The  general  result  of  the  operation  is  to  diminish 
the  severity  of  the  subjective  symptoms  ;  but  the  improvement 
is  in  most  cases  transitor}',  though  it  may  last  for  several  weeks. 
Sometimes  the  hearing-power  is  slightly  increased. 

Division  of  the  Anterior  Ligament  of  the   Malleus  is  another 
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operation  devised  and  performed  by  Politzer,*  with  the  view  of 
improving  the  hearing-power,  and  lessening  the  subjective  sensa- 
tions, in  cases  in  which  this  band  is  contracted  and  abnormally 
adherent.  Under  such  circumstances,  the  membrane  is  much 
drawn  inwards,  and  the  air-douche  causes  a  considerable  improve- 
ment, which  soon  passes  off.  In  the  performance  of  this  opera- 
tion, an  incision  Hmm.  long  is  made  in  the  membrane, 
immediately  in  front  of  the  short  process  of  the  malleus,  and 
directed  from  above  downwards.  Through  the  opening  thus 
made,  the  surgeon  passes  a  small  knife  bent  at  a  right  angle  near 
its  extremity,  pushes  it  under  the  upper  border  of  the  membrane, 
and  cuts  outwards  and  downwards  through  the  anterior  ligament 
and  the  long  process  of  the  malleus.  A  grating  sound  is  heard  as 
these  parts  are  divided. 

Multiple  Incisions  into  the  Membrane. — In  cases  of  extreme 
tension  of  the  membrana  tympani,  as  a  result  of  pathological 
changes  in  its  tissue,  Gruberf  recommends  multiple  incisions. 
The  wounds  of  course  heal,  but  this  process  should  be  retarded  as 
much  as  possible  by  the  frequent  emplojrment  of  the  air-douche 
in  the  after-treatment.  Gruber  makes  four,  five,  or  more  inci- 
sions, and  unites  them  by  cross-cuts  at  right  angles.  As  a 
general  rule  the  chief  incisions  are  made  from  the  malleus  towards 
the  periphery  ;  but  their  position  should  be  modified  according  to 
the  conditions  of  each  case.  Before  resorting  to  the  operation, 
it  is  necessary  to  ascertain  the  condition  of  the  labyrinth,  and  the 
following  is  the  method  recommended  by  Gruber.  He  first 
alludes  to  the  fact  that  a  vibrating  tuning-fork  held  in  front  of 
the  ear  is  not  so  well  heard  when  Valsalva's  method  is  being 
practised,  as  it  is  before  and  after;  the  increased  tension  of  the 
membrane  lessening  the  conduction  of  sound.  On  the  other 
hand,  under  similar  circumstances,  a  tuning-fork  applied  to  the 
head  is  better  heard. 

Deviations  from  these  rules  are  of  diagnostic  importance. 
When  the  membrane  is  unduly  relaxed,  Valsalva's  experiment 
causes  the  tuning-fork  held  in  front  of  the  ear  to  be  better  heard, 
but  osseous  conduction  is  diminished.  In  cases  of  abnormal 
tension,  the  experiment  either  makes  no  alteration  in  the  sound 
of  the  fork  in  the  first  position,  or  causes  it  to  be  less  distinctly 

*  Lehrhncli  der  OTirenlieilkunde,  S.  259. 
t  Lehrhuch  der  Ohrenheilkunde,  S.  549. 
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heard.  The  sound  of  the  fork  placed  on  the  head  is  likewise  not 
altered  unless  the  tension  be  increased,  in  which  case  it  is  more 
distinctly  heard. 

In  this  method  of  examination,  the  patient's  statements  serve 
as  a  test  of  each  other.  For  example,  if  a  patient,  with  a  relaxed 
membrane,  asserts  that  a  vibrating  tuning-fork  in  front  of  the  ear 
is  heard  better  during  Valsalva's  experiment  than  either  before  or 
after  it,  he  ought  to  hear  the  sound  less  distinctly  when  the  fork 
is  placed  on  the  head  during  inflation. 

Absolutely  correct  inferences  cannot,  however,  be  always 
drawn  from  the  results  of  Valsalva's  experiment  when  employed 
for  purposes  of  diagnosis  as  above  described.  Thus  wli^n  the  mem- 
brane is  abnormally  relaxed,  Valsalva's  experiment  may  cause  an 
undue  degree  of  tension,  and  the  vibrating  tuning-fork  held  in 
front  of  the  ear  will  be  less  distinctly  heard,  whereas  an  improve- 
ment will  be  noticed  when  the  air  is  driven  into  the  tympanum 
with  only  slight  force.  Besides,  it  is  quite  possible  that  when 
\'alsalva's  method  is  practised,  other  structures  in  the  ear  may  be 
so  affected  that  the  hearing-power  is  improved  irrespective  of  any 
change  in  the  membrana  tympani.  The  fact  is  that  this  method 
of  diagnosis  must  be  taken  in  conjunction  with  others ;  agreement 
in  results  serves  to  determine  the  nature  of  the  case. 

The  after-treatment  consists  in  carefully  removing  any  l:>lood 
^^'hich  may  have  escaped  and  applying  iodoform  gauze.  A  few 
days  afterwards  the  air-douche  should  be  employed,  and  this 
should  be  continued  every  other  day  for  some  time  after  the 
incisions  have  healed.  If  inflammation  be  set  up,  it  must  be 
treated  in  the  manner  described  in  a  previous  chapter.  Such 
a,  complication  is,  however,  very  rare. 

Gruber,  in  opposition  to  Politzer,  asserts  that  the  cicatrisation 
of  incisions  in  the  membrane  does  not  increase  its  tension,  and 
that  multiple  incisions  are  not  suitable  for  cases  in  which  its 
tissue  is  atrophied  and  relaxed.  After  incision,  union  generally 
takes  place  by  first  intention,  without  anj^  secondary  changes  ;  in 
other  cases  a  cicatrix  forms,  the  appearance  of  which  indicates 
that  the  tension  of  the  membrane  would  be  lessened  by  the 
formation  of  several  cicatrices. 

Division  of  the  Tendon  of  the  Tensor  Tympani  muscle  is  another 
method  of  treatment  which  has  been  recommended  for  adoption. 
It  was  first  performed  on  the  living    subject  by    Webei-Jjiel    in 
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1808.  Abnormal  contraction  and  sllort^'ning  of  the  tendon  pro- 
duces excessive  tension  of  the  meinl)rana  tympani  and  of  the 
joints  of  the  ossicles,  and  increases  the  pressure  in  the  labyrinth. 
This  condition  of  the  tendon  is  not  peculiar  to  adhesive  inflamma- 
tion ;  it  is  often  associated  with  suppuration  in  the  middle  ear 
AN'ith  perforation  and  retraction  of  the  membrane.  The  object  of 
dividing  the  tendon  is  to  relieve  the  tension  and  the  symptoms 
which  it  causes.  A  satisfactory  result  is  attainable  only  when 
other  serious  pathological  changes  are  presumably  absent  from 
the  middle  ear  and  labyrinth. 

There  are  no  positive  signs  clearly  indicative  of  contraction  of 
the  tendon.  An  indrawn  condition  of  the  membrane  is  always 
associated  with  it  ;  but  may  be  produced  by  other  changes  of 
common  occurrence,  e.fj.,  occlusion  of  the  Eustachian  tube, 
atrophy  of  the  tympanic  membrane,  and  adhesions  to  deeper 
parts  in  the  cavity.  It  has  been  supposed  that  improvement 
of  hearing  after  the  use  of  the  air-douche  and  lessening  of 
subjective  sensations  after  the  rarefaction  of  air  in  the  meatus 
point  to  contraction  of  the  tendon.  Such  changes,  however,  are 
just  as  likely  to  result  from  relaxation  of  ossicular  tension,  stretch- 
ing of  bands  of  false  membrane,  etc.  It  is  sometimes  stated  that 
contraction  of  the  tendon  may  be  inferred  to  exist  when  the 
handle  of  the  malleus  is  not  only  drawn  inwards  (and,  there- 
fore, seems  shortened  when  viewed  from  the  meatus),  but  also 
made  to  revolve  slightly  on  its  long  axis,  so  that  it  appears  to  be 
broader  than  usual.  This  change  is  due  to  the  mode  in  ^^'hich  the 
tendon  of  the  tensor  is  inserted  into  the  handle  of  the  malleus. 
It  has,  however,  been  shown  by  Urbantschitsch*  that  the  place 
of  insertion  varies  considerably,  and  it  may  well  be  doubted 
whether  contraction  of  the  tendon  always  causes  the  handle 
of  the  malleus  to  revolve  on  its  long  axis.  Some  persons  are  able 
to  cause  voluntary  contraction  of  the  tensor  tympani,  and  they 
find  that  low  notes  are  then  less  distinctly  heard,  and  that  a 
humming-sound  is  perceived.  It  remains  to  be  seen  whether  this 
fact  can  be  utilised  for  purposes  of  diagnosis. 

Professor  Gruberf  thinks  that  contraction  of  the  tendon  is  an 
indication  for  tenotomy,  provided  that  the  subjective  sensations 
are  relieved  by  the   use   of  the  catheter.     He  believes  that  the 

*  Lehrhuch  der  Okrcnheilhinde,  Aufl.  III.  S.  233. 
■\-  Lchrhiirh  der  Olircnhenhiinde,  2  Aufl.  S.  562. 
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subsequent  union  of  the  divided  ends  does  not  tend  to  increase 
the  contraction,  but  rather  has  a  contrary  effect.  Tenotomy  is 
found  to  be  beneficial  when  simple  paracentesis  of  the  membrane 
has  proved  useless. 

Kessel*  lays  down  the  following  indications  for  performing 
tenotomy  of  the  tensor : — 

1.  Paralysis  of  the  stapedius  muscle  with  unrestrained  action 
of  the  tensor. 

2.  Permanent  spasm  of  the  tensor. 

3.  Perforations  involving  the  '"  cone  of  light."  and  \\'hen  the 
openings  are  reniform  or  heart-shaped. 

4.  In  catarrh  with  swelling,  so  long  as  the  stapes  is  movable, 
and  excessive  pressure  in  the  labyrinth  admits  of  diminution. 
Also,  when  the  sounds  are  continuous,  and  the  excessive  pressure 
in  the  labj^rinth  is  obviously  dependent  upon  changes  in  the 
internal  muscles  of  the  ear. 

Dr.  Sexton, t  of  New  York,  warmly  advocates  tenotomy  of  the 
tensor  in  cases  of  sclerosis  with  relatively  good  bone-conduction, 
and  thinks  that  the  operation  often  improves  the  functions  of  the 
intra-tympanic  and  muscular  apparatus  for  the  perception  of 
sound,  words,  and  speech.  The  indications,  he  states,  to  be 
as  follows  : — 

1.  Progressive  deafness,  with  neuropathic  sclerosis;  the  opera- 
tion, however,  is  not  likely  to  be  successful  unless  one-fourth  of 
the  normal  duration  of  perception  is  still  preserved. 

2.  The  operation  should  be  performed  on  the  worse  ear  if  a 
positive  result  of  Weber's  and  a  negative  of  Rinne's  experiment 
make  us  suspect  permanent  obstacles  to  conduction  in  this  ear, 
while  there  is  no  trace  of  this  condition  in  the  better  ear. 

3.  If  one  ear  be  quite  deaf,  and  the  other  becoming  so,  the 
operation  should  be  performed  upon  the  latter,  on  the  ground  that 
reduction  of  tension  on  one  side  of  the  muscular  apparatus  will 
benefit  that  of  the  other. 

Method  of  Operating. — In  the  normal  condition,  the  exposed 
portion  of  the  tendon  is  only  2  mm.  in  length,  and,  when 
the  membrane  is  considerabl}^  indrawn,  the  space  for  the  incision 
is  very  limited.  As  a  general  rule,  it  should  be  made  just  behind 
the  handle  of  the  malleus,  but  the  exact  spot  must  depend  upon 

*  Archivfiir  Ohrenheilkunde,  vol.  xxxi.  S.  238. 
t  Archh'cs  of  Otology,  vol.  xix.  p.  151. 
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the  circumstances  of  the  case.  The  steps  of  the  operation  are 
as  follows : — A  paracentesis  knife  is  used  to  make  an  incision 
1mm.  behind  and  parallel  with  the  handle  of  the  malleus. 
A  tenotome,  adapted  to  the  side  to  be  operated  upon,  is  passed 
through  the  opening  with  its  rounded  point  turned  upwards  and 
forwards  towards  the  roof  of  the  tympanum,  until  it  touches 
the  head  of  the  malleus  or  the  malleo-incudal  articulation.  The 
instrument  is  then  turned  at  a  right  angle,  so  that  its  edge 
is  brought  immediately  above  the  tendon,  which  is  then  divided 
b^'  drawino-  the  knife  back^\ards  and  forwards,  and  from  above 
downwards ;  a  grating  noise  is  audible  as  the  resistance  is  felt 
to  be  overcome.  By  drawing  out  the  handle  of  the  malleus  with 
the  tenotome,  the  operator  can  determine  whether  the  tendon  is 
completely  divided.  The  haemorrhage  is  usually  slight.  If.  after 
complete  division  of  the  tendon,  the  handle  of  the  malleus  retains 
its  former  position,  adhesions  in  the  tympanum  may  be  inferred  to 
exist. 

In  so-called  neuropathic  sclerosis,  the  tympanic  membrane  is 
always  far  less  sensitive  than  usual ;  but,  during  the  operation,  it 
is  generally  advisable  to  use  local  or  general  anaesthetics.  Dr. 
Sexton  recommends  a  little  ether  on  absorbent  cotton-wool,  to  be 
placed  upon  the  membrane  and  left  to  evaporate.  He  advises  that 
the  incision  should  be  made  in  front  of  the  short  process.  The 
difficulties  of  the  operation  are  increased  by  narrowness  of  the 
meatus,  great  retraction  of  the  membrane,  and  by  adhesions 
between  it  and  the  labyrinth.  After  the  operation,  the  patient 
should  remain  in  bed,  and  powdered  boric  acid  on  cotton-wool 
should  be  kept  in  the  ear.  The  wound  usually  heals  by  first 
intention  in  the  course  of  a  few  days.  Any  blood  effused  into  the 
tympanum  is  more  or  less  rapidly  absorbed.  If  there  be 
symptoms  of  otitis,  the  ordinary  treatment  must  be  adopted. 
When  the  wound  in  the  membrane  has  quite  healed,  it  is  well 
to  inject  air  through  a  catheter  every  second  or  third  day,  or  to 
rarefy  the  air  in  the  meatus. 

Gruber  directs  that  when  the  incision  is  to  be  made  behind  the 
handle  of  the  malleus,  the  concavity-  of  the  tenotome  is  to  be 
directed  forwards,  and  in  the  opposite  direction  when  the  spot 
chosen  for  the  incision  is  in  front  of  that  process  of  bone,  on  a 
level  with  the  upper  third  of  which  the  knife  is  passed  through 
the   membrane.     When   the  tympanum  is  reached,   the    concave 
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surface  of  the  tenotome  is  applied  to  the  handle  of  the  malleus, 
and  an  incision  parallel  with  it  is  made  upwards  so  as  to  divide 
the  tendon  which  runs  obliquely  from  within  outwards  through 
the  tympanum.  When  the  instrument  is  introduced  behind  the 
malleus,  its  point  should  be  carried  forwards  to  a  corresponding- 
extent,  so  as  to  be  certain  of  dividing  the  tendon,  which  is  some- 
times considerably  in  front  of  its  ordinary  position.  Care  must 
be  taken  to  give  to  the  edge  of  the  tenotome  a  somewhat  lateral 
•direction  by  turning  the  point  slightly  upwards,  so  as  to  avoid  the 
wall  of  the  carotid  canal.  Gruber  states  that  the  direction  and 
form  of  the  external  meatus  must  determine  the  spot  for  the 
incision  in  the  membrane.  As  a  general  rule,  this  should  be 
made  in  front  of  the  malleus  ;  but  in  many  cases  the  convexity  of 
the  anterior  wall  of  the  meatus  is  very  marked,  and  hides  the 
anterior  segment  of  the  membrane,  so  that  the  portion  behind  the 
malleus  must  be  selected. 

The  Results  of  the  Operation  varj-  considerably  in  different  cases ; 
the  subjective  symptoms  are  sometimes  much  improved,  the 
tinnitus  ceases  or  becomes  less  troublesome,  and  the  giddiness 
has  been  known  to  disappear.  The  effects  upon  the  hearing- 
power  are  far  less  marked,  and  in  not  a  few  cases  no  improvement 
is  perceptible.  According  to  some  authorities  any  good  results 
which  may  be  noticed  are  due  to  the  incision  in  the  membrane. 
The  condition  of  the  patients  several  weeks  or  months  after  the 
operation  is  the  best  test  of  its  value.  Aggravation  of  all  the 
symptoms  has  been  observed  in  a  few  cases,  and  severe  suppura- 
tive inflammation  has  been  known  to  follow.  Politzer  asserts  that 
all  trustworthy  accounts  are  of  an  unfavourable  character.  With 
few  exceptions,  any  improvement  in  the  hearing-po^^'er  completely 
subsides,  while  the  subjective  sensations  recur  and  even  become 
more  troublesome.  In  several  patients  who  came  to  him  some 
months  after  the  operation  had  been  performed,  there  was 
complete  deafness  on  that  side,  the  condition  having  rapidly 
become  worse  since  the  operation.  Division  of  the  tendon  is. 
therefore,  an  operation  of  a  very  doubtful  benefit  :  any  advantage 
is  but  slight,  and  its  results  are  not  infrequently  mischievous.  It 
may  prove  of  advantage  in  some  cases ;  but  positive  indications 
for  its  performance  have  not  as  yet  been  discovered. 
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Nature  of  the  Disease — Causes — Micro-Organisms — Frequency  as  affected 
by  Age,  Sex,  Climate,  etc. — Reasons  for  Frequency  in  Young  Sub- 
jects— Symptoms — Subjectire,  as  Pain,  Impairment  of  Hearing,  etc. 
— Objective,  Changes  in  Tympanic  Membrane — Perforation,  Signs 
of,  and  Methods  of  Discovering — Character  of  Secretion — Course 
and  Results — Diagnosis — Prognosis — Treatment — Antiphlogistics — 
Paracentesis  —  The  Air-Douche  —  Local  Remedies  —  Treatment  of 
Cases  of  Spontaneous  Perforation — Mastoid  Complications. 

Acute  Suppurative  Inflammation  of  the  tympanum  may 

come  on  suddenly,  without  any  previous  local  symptoms,  or  may 
follow  an  attack  of  catarrhal  inflammation  of  the  cavity.  It  is 
characterised  by  rapid  effusion  of  purulent  fluid,  hj-persemia  and 
swelling  of  the  lining  membrane,  and  by  inflammation  of  the 
membrana  tympani,  which  often  becomes  perforated.  The  pus  is 
formed  either  on  the  surface  of  the  mucous  membrane  or  within 
its  substance,  and  sometimes  between  it  and  the  bone.  More  or 
less  marked  destruction  of  the  tissues  is  the  almost  invariable 
result,  and  in  severe  cases  the  process  extends  to  the  bony  walls. 
The  inflammation  likewise  spreads  to  the  Eustachian  tube,  and 
often  backwards  to  the  mastoid  cells,  which  contain  purulent  or 
sero-purulent  exudation.  The  labyrinth  may  become  involved, 
but  is  seldom  seriously  affected ;  hyperjemia  and  serous  exudation 
are  the  ordinary  changes. 

Causes. — These  are  generally  the  same  as  those  of  ordinary 
catarrhal  inflammation ;  but  micro-organisms  would  seem  to  play 
a  very  important  part  in  the  causation  of  suppurative  inflammation. 
The  channels  bv  which  they  may  o-ain  access  to  the  tympanum 
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have  been  already  described  (^ee  pay-e  306).  Zaufars  researches* 
show  that  organisms  of  the  following  kinds  have  been  found  in 
the  middle  ear  in  cases  of  suppurative  inflammation.  The  pneu- 
monia-bacillus of  Friedliinder ;  the  diplococcus  pneumoniae  ;  the 
streptococcus  pyogenes,  pyogenes  albus,  pyogenes  aureus,  cereus 
albus  and  tenuis  ;  bacillus  tenuis  ;  bacillus  pyocyaneus  ;  micro- 
coccus tetragenus  and  saccharomyces  albicans.  Various  kinds  of 
micro-organisms  often  appear  in  succession,  one  set  preparing  the 
way  for  another,  and  thus  maintaining  the  suppurative  process.  In 
the  primary  form  of  suppurative  otitis  media,  the  diplococcus  pneu- 
moniae very  often  occurs  :  in  secondary  forms,  the  streptococcus 
pyogenes  is  more  common.  Kohrerf  states  that  the  non-foetid 
secretions  contain  only  cocci ;  whereas  bacilli  are  abundant  and 
cocci  comparatively  few  in  foetid  discharges.  Streptococci  would 
seem  to  indicate  a  severe  form  of  inflammation,  and  the  probability 
of  extension  to  the  mastoid  cells. 

Whether  micro-organisms  are  essential  to  the  development  of 
suppuration  within  the  tympanum  is  not  as  yet  definitely  settled. 
The  aural  complaint  is,  however,  often  secondary  to  acute  and 
chronic  inflammatory  processes  in  the  naso-pharynx,  and  many  of 
these  disorders  are  associated  with  a  profuse  development  of  micro- 
organisms. It  is  a  not  infrequent  complication  of  many  infectious 
diseases,  ejj..  scarlet  fever,  measles,  small-pox.  diphtheria,  typhus 
and  typhoid  fevers,  influenza,  tuberculosis,  syphilis,  erysipelas,  and 
puerperal  affections.  AMtli  regard  to  scarlet  fever  and  measles,  it 
would  appear  that  aural  complications  are  very  frequent  during 
some  epidemics,  and  rare  in  others.  In  one  series  of  cases  of 
scarlet  fever  cited  by  Burckhardt-Merian,j:  33  per  cent,  of  the 
patients  suffered  from  middle-ear  disorders ;  and  in  another,  the 
proportion  was  22  per  cent.  Middle-ear  suppuration  is  sometimes 
attributable  to  exposure  to  cold ;  to  injuries  of  various  kinds,  as 
blows  on  the  ear,  falls  on  the  head,  and  operations  on  the  mem- 
brana  tympani ;  to  the  j^resence  of  foreign  bodies  in  the  meatus, 
and  to  the  efforts  made  to  extract  them  ;  to  burns  and  scalds,  and 
to  the  effects  of  caustic  applications. 

In  another  class  of  cases,  the  inflammation  results  from  the 
passage  of  fluids  along  the  Eustachian  tube,  as  sometimes  occurs 

*  Archivfiir  Ohrenlie\lkunde,  vol.  xx.xi.  p.  180. 

t  Zur  Morphologie  der  Balderioi  des  Ohres  und  des  Xasen-Ilachenraumcs,  S.  9. 

X  Volkmann's  Samvilung  Klin.   Vortrdfjc,  No.  182. 
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during  tlie  emplo3-meiit  of  Weber's  douche.  Plugging  the  pos- 
terior nares  has  been  known  to  set  up  inflammation  of  the 
tympanum  ;  either  the  blood  passes  along  the  tube  and  acts  as 
a  foreign  body,  or  the  plug  causes  pharyngitis,  which  extends  in 
the  same  direction.  Suppurative  inflammation  of  the  middle  ear 
sometimes  occiirs  after  the  removal  of  adenoid  growths.  In  such 
cases  it  is  due  either  to  the  irritation  caused  bv  blood  lodaino-  in 
the  Eustachian  tube,  or  to  the  extension  of  inflammation  con- 
sequent upon  the  operation.  Some  years  ago  I  saw  a  man. 
between  thirty  and  forty  years  of  age,  suffering  from  suppurative 
inflammation  of  the  middle  ear,  which  came  on  shorth^  after  the 
removal  of  a  tonsil  with  the  ordinary  guillotine.  A  few  cases  have 
been  placed  on  record  in  which  foreign  bodies  of  various  kinds 
have  passed  along  the  Eustachian  tube  and  even  reached  the 
tympanum.  In  one  such  instance,  a  portion  of  a  vulcanite 
catheter  became  detached  and  found  its  way  into  the  middle  ear, 
causing  acute  inflammation,  for  the  relief  of  which  the  membrana 
tympani  was  incised.  The  foreign  body  was  removed  through  the 
opening,  and  the  case  progressed  satisfactorily.  In  another  case, 
recorded  by  Urbantschitsch,*  an  oat-spikelet  passed  from  the 
pharynx  along  the  tube,  and  caused  suppurative  inflammation  in 
the  tympanum.  This  was  followed  by  circumscribed  inflammation 
in  the  external  meatus,  with  polypoid  growths.  After  a  time  the 
foreign  body  escaped  through  a  perforation  in  the  membrana 
t3nnpani.  and  the  symptoms  then  subsided. 

In  a  few  rare  cases  suppurative  inflammation  of  the  tympanum 
has  resulted  from  purulent  formations  within  the  cranium.  The 
pus  finds  its  way  into  the  tympanum  through  some  fissure  or 
canal  in  the  temporal  bone,  and  causes  inflammation  of  the  cavity 
and  perforation  of  the  membrane.  Caries  of  the  osseous  roof  may 
be  another  step  in  the  process :  an  opening  results,  through  which 
the  pus  enters  the  tympanum. 

Suppurative  inflammation  of  the  middle  ear  is  more  common 
in  children  than  in  adults  (in  the  proportion  of  70  :  30).  and  in 
spring  and  autumn  than  in  summer.  ]\Jales  and  females  are 
equally  liable  to  be  attacked.  Climatic  conditions  alone,  e.g.. 
heat,  cold,  and  moisture,  appear  to  exercise  no  special  influence 
upon  its  development  :  according  to  Politzer,  it  constitutes  from 
6 — 7  per  cent,  of  all  cases,  the  proportion  being  the  same  in  the 
*  Lelirlmch  dcr  Olirenlie'dlninde,  3  Aufl.  S.  202. 
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United  States  as  in  Germany.  The  complaint  is  generally  uni- 
lateral (80  per  cent.)  ;  but  when  due  to  scarlet  fever  or  typhus, 
both  ears  are  liable  to  be  affected. 

The  occurrence  of  the  complaint  in  children  is  favoured  by  a 
variety  of  circumstances  ;  e.(j.,  the  special  liability  of  3'oung  sub- 
jects to  the  acute  exanthemata,  to  severe  affections  of  the  nose 
and  pharynx,  and  to  various  forms  of  pneumonia.  Congenital 
sj-jDhilis  is  another  cause  of  ear-disease.  Some  authorities  con- 
sider that  dentition  may  excite  suppurative  inflammation  of  the 
tympanum  :  the  continuous  irritation  of  the  peripheral  branches 
of  the  trigeminus  is  transmitted  to  the  vagus  and  glosso-pharyn- 
geal,  and  produces  vaso-motor  disorder,  with  inflammation  as  a 
result.  Whether  this  theory  be  correct  or  not.  it  is  probable 
that  in  very  young  children  the  occurrence  of  inflammation  in 
the  middle  ear  is  favoured  by  the  hypersemia  and  swelling  which 
are  associated  with  the  retrogressive  metamorphosis  of  the  mucous 
membrane.  To  this  uiay  be  added,  according  to  Urbantschitsch. 
the  passage  of  liquor  amnii  into  the  tympanum  during  futile  in- 
spiratory efforts,  and  of  the  contents  of  the  stomach  during  vomiting. 

With  regard  to  the  infectious  fevers  as  a  cause  of  middle-ear 
inflammation,  it  must  be  remembered  that  the  deafness  so  common 
in  typhus  may  be  due  either  to  nervous  disorder  or  to  catarrhal  or 
suppurative  inflammation  of  the  tympanum.  In  the  early  stages 
of  the  disease,  the  impairment  of  hearing  ordinarily  results  from 
functional  disturbance. 

There  is  one  other  complaint,  viz.,  relapsing  fever,  which  is  not 
infrequently  accompanied  by  middle-ear  inflammation.  In  an 
epidemic  of  this  fever,  recorded  by  Dr.  Luchau.'*  aural  complica- 
tions occurred  among  180  out  of  300  patients,  the  majority 
suffering  from  purulent  inflammation  of  the  tympanum.  Addi- 
tional details  with  regard  to  the  connection  between  various 
constitutional  disorders  and  affections  of  the  ear  will  be  given  in 
a  sul^sequent  chapter. 

Symptoms. — From  the  beginning  of  the  attack,  the  sulojective 
symptoms  are  different  from  those  of  an}'  other  form  of  middle- 
ear  inflammation.  The  disease  is  sometimes  ushered  in  by  a. 
distinct  rigor,  and  is  always  accompanied  by  elevation  of  tem- 
perature.    Acute  pain  in  the  affected  ear  is  an  early  symptom  ;  it 

^   Ueh^fr  Ohren-  nnd  Avgcnerhraiihoifjeii  hei  Fehris  liccnrrcns.      Virrh.  Arch.y 
Bd.  82,  1880. 
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is  variously  described  by  different  patients  as  ''burning,''  "tear- 
ing." '•  pricking,"  "  boring,"  etc.  It  extends  over  the  side  of  the 
head,  and  particularly  to  the  occiput  and  neck.  It  seldom  remits 
altogether ;  but  is  apt  to  become  worse  at  night  and  somewhat 
less  severe  in  the  morning.  It  is  increased  by  pressure  over  the 
auricle,  and  over  the  mastoid  process,  when  this  portion  has 
become  implicated.  It  is  likewise  aggravated  by  coughing, 
sneezing,  swallowing,  bodily  exertion,  and  mental  excitement. 
Besides  the  pain,  there  are  sensations  of  heat  and  fulness  in  the 
ear.  and  the  neighbouring  lymphatic  glands  are  more  or  less 
swollen  and  tender.  Redness  of  the  conjunctiva  and  oedema 
of  the  eyelid  on  the  affected  side  are  sometimes  present,  and  in 
rare  cases  paralysis  of  the  facial  nerve  and  neuralgia  of  the  fifth 
pair  have   been  observed  to  accompany  the  attack. 

In  children,  suppurative  middle-ear  inflammation  is  often 
ushered  in  with  vomiting  and  peculiar  restlessness,  and  attended 
by  marked  fever,  loss  of  consciousness,  and  epileptiform  con- 
vulsions :  the  symptoms  therefore  closely  resemble  those  of 
meningitis.  In  early  life  the  mucous  membrane  of  the  middle 
ear  is  closely  connected,  anatomically,  with  the  dura  mater ; 
n  process  of  the  latter  membrane  accompanied  by  vessels  and 
nerves  extends  through  a  Assure  in  the  roof  of  the  tympanum, 
tind  becomes  continuous  with  the  linino-  membrane.     Dehiscences 

a 

are  likewise  frequent  in  the  tympanic  walls.  The  ears  should 
nlways  be  examined  in  children  presenting  cerebral  spnptoms 
and  high  temperature.  In  such  cases,  the  cause  of  the  attack  is 
sometimes  not  recognised  until  a  copious  discharge  of  pus  takes 
place  from  the  meatus,  when  the  cerebral  symptoms  rapidly  pass  off. 
In  addition  to  the  pain,  the  Subjective  Symptoms  consist  of 
impairment  of  hearing,  noises  in  the  ears,  giddiness,  and  a  feeling 
of  confusion ;  in  some  patients  hearing-power  is  at  first  con- 
siderably increased,  and  the  sensation  known  as  autophony  is 
experienced.  There  is  nothing  characteristic  about  these  phe- 
nomena ;  they  are  also  met  with  in  catarrhal  inflammation,  and 
they  are  by  no  means  constant  in  the  purulent  form  of  the  com- 
plaint. They  are  due  in  part  to  increase  of  pressure,  and  in  part 
to  hypertemia  of  the  labyrinth  and  serous  exudation,  and  their 
character  is  apt  to  become  modified  during  the  progress  of  the 
disease.  The  noises  in  the  ears  are  variously  described  as  "  roar- 
ing," "  singing,"    "  hissing,"    "  throbbing."    etc.     The    degree    in 
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which  the  hearing  is  impaired  varies  considerably.  Some  dif- 
ference can  always  be  detected,  and  before  perforation  has  taken 
place,  it  is  often  ver^^  marked ;  but  owing  to  the  severity  of  the 
other  symptoms,  it  may  not  be  fully  recognised.  The  deafness  is 
generally  proportionate  to  the  amount  of  exudation,  the  swelling 
of  the  mucous  membrane,  the  height  of  the  fever,  and  the  con- 
dition of  the  sensorium.  It  is  likely  to  be  complete  if  the 
labyrinth  be  seriously  involved.  As  a  general  rule  bone-con- 
duction is  preserved  ;  in  the  early  stages  and  before  perforation 
has  occurred  it  is  often  increased.  According  to  Politzer,  how- 
ever, in  scarlatinous,  diphtheritic,  and  syphilitic  cases,  bone- 
conduction  is  often  considerably  impaired,  or  even  altogether 
lost. 

In  children  all  the  sjmiptoms  are  wont  to  assume  a  severe 
type ;  but  in  adults  they  are  not  infrequently  much  less  pro- 
minent. In  these  latter  there  is  often  no  disorder  of  the  sen- 
sorium ;  but  a  high  temperature,  a  very  rapid  pulse,  and  a 
sensation  of  fulness  in  the  head  are  sometimes  very  marked.  On 
the  other  hand,  in  cases  due  to  tuberculosis  there  may  be 
neither  pain  nor  an}^  particular  disturbance  of  the  general 
system ;  the  process  goes  on  insidiously,  and  increase  of  moisture 
in  the  meatus  or  discharge  of  purulent  matter  therefrom  is  the 
first  indication  of  mischief. 

The  Objective  symptoms  consist  mainly  of  changes  in  the 
condition  of  the  membrana  tympani  and  of  evidences  of  irritation 
in  the  meatus  and  surrounding  parts.  The  glands  in  the 
neighbourhood  of  the  ear  are  often  more  or  less  swollen,  and, 
when  the  mastoid  cells  are  involved,  the  soft  parts  covering  that 
process  are  apt  to  become  swollen  and  reddened.  The  carti- 
^laginous  portion  of  the  meatus  is  similarly  affected,  while  the 
lining  of  the  osseous  portion  is  still  more  decidedh'  inflamed. 

The  internal  or  mucous  laj'er  of  the  membrana  t3'mpani, 
being  continuous  with  the  lining  membrane  of  the  cavit}^  par- 
ticipates in  the  inflammation,  and  the  process  extends  to  the 
other  layers.  The  membrane  is  at  first  reddened  and  swollen, 
and  soon  loses  its  lustre ;  as  the  hyperasmia  increases,  it  becomes 
more  convex  externally,  and  yellowish-red  or  bluish-red  in 
appearance.  Owing  to  the  redness  and  swelling  of  the  deep 
portion  of  the  meatus,  the  circumference  of  the  membrane  is  not 
clearly  defined.     There  is  marked  injection   of  the  vessels  near 

24 


370  j)isKASES  OF  Tin-:  tymi^anic  ca\  ity. 

the  handle  of  the  malleus;  and  later  on,  this  part  of  the  bone  is 
often  hidden  b}'  the  swollen  membrane,  while  a  ^^ellowish  point 
indicates  the  position  of  the  short  process.  When  the  exudation 
is  profuse,  the  position  of  the  handle  of  the  malleus  is  marked  hj 
a  furrow,  on  each  side  of  which  the  membrane  bulges  out  towards 
the  meatus.  The  posterior  portion  is  especially  prominent ;  the 
epidermis  often  becomes  detached  at  various  spots,  and  the  whole 
surface  of  the  membrane  is  sometimes  dotted  over  with  little 
points,  which  more  or  less  clearly  reflect  the  light  from  the 
mirror.  Ecchymoses,  and  the  formation  of  minute  abscesses 
between  the  layers,  are  sometimes  noticed.  Perforation  occurs 
from  the  bursting  of  one  or  more  abscesses,  or  from  extension  of 
ulceration.  The  opening  is  usually  in  the  lower  half  of  the 
membrane ;  and  in  three-fourths  of  the  cases,  in  the  anterior 
inferior  quadrant.  Illustrations  of  various  forms  of  perforation 
will  be  found  in  a  subsequent  chapter  on  the  Changes  in  the 
Membrana  Tympani  in  various  Affections  of  the  Ear. 

The  spot  at  which  perforation  will  finally  occur  may  some- 
times be  accurateh'  predicted.  A  small  yellowish  vesicle  is  seen 
to  project  into  the  meatus,  and  in  the  course  of  a  few  hours  or  a 
few  days  bursts  and  discharges  its  contents.  In  other  cases  there 
is  no  such  distinct  spot :  the  pus  collected  in  the  tympanic 
cavity  bursts  through  the  membrane,  already  softened  by  the 
inflammation,  and  is  poured  out  into  the  meatus.  Under  such 
circumstances  the  opening  is  large  and  irregular  in  shape. 

The  progress  of  the  case  is  somewhat  less  rapid  than  usual, 
and  perforation  is  delayed,  when  the  exudation  occupies  a  nipple- 
shaped  prominence  in  the  posterior  half  of  the  membrane,  and 
when  the  swelling  forms  in  Shrapnell's  membrane  or  close  to  the 
superior  osseous  margin.  A  crateriform  opening  in  the  posterior 
portion  may  indicate  inflammation  of  the  mastoid  cells,  the  result 
of  extension  from  the  tympanum.  In  such  cases  the  opening  is 
usually  ver}^  small,  and  the  processes  in  the  middle  ear  are  apt 
to  be  very  obstinate.  When  Shrapnell's  membrane  is  involved, 
the  secretion  escapes  with  difficulty,  and  its  retention  may  be 
accompanied  by  caries  of  the  upper  wall  and  of  the  incus  and 
malleus.  The  loss  of  substance  tends  to  increase  as  time  goes  on, 
and  is  liable  to  be  accompanied  by  destructive  changes  in  the 
ossicles,  the  formation  of  adhesions,  and  additional  perforations 
in    the    tympanic    membrane.      When    the   perforation  has  been 
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■?ausecl  by  the  bursting  of  an  abscess  between  the  layers  of 
the  membrane,  the  opening  is  generally  small,  and  cannot  be 
detected  until  air  has  been  forced  through  the  Eustachian  tube. 
When  formed  under  other  circumstances,  the  opening  may  be 
difficult  to  recognise  during  the  first  few  days ;  its  margin  is 
often  obscured  by  the  swollen  membrane,  and  it  may  be  covered 
up  by  shreds  of  detached  epithelium.  Sooner  or  later,  however, 
the  escape  of  purulent  matter  becomes  distinctly  visible,  and  a 
pulsating  movement  with  a  reflection  of  light  can  often  be  made 
out.  The  pulsation  occurs  in  the  minute  but  abnormally  enlarged 
arteries  of  the  swollen  mucous  membrane,  and  is  transmitted  to 
the  exudation  contained  in  the  tympanic  cavity,  and  to  the  fluid 
occupying  the  perforation.  It  is  possible  that  the  pulsations  in 
the  carotid  artery  may  likewise  be  transmitted  to  the  fluid. 

Other  means  may  be  adopted  for  the  discovery  of  a  perfora- 
tion. Thus,  if  the  meatus  be  filled  with  fluid,  bubbles  will 
appear  when  the  air-douche  is  employed,  and  a  powder  blown 
into  the  meatus  will  be  expelled  by  the  same  means.  Politzer 
has  suggested  the  employment  of  the  manometer,  coupled  with 
the  air-douche,  as  a  means  of  diagnosis. 

As  results  of  the  escape  of  the  exudation,  the  hyperaemia  and 
swelling  of  the  membrane  gradually  subside,  and  after  the 
discharge  has  been  wiped  away  with  cotton-wool,  the  perforation 
appears  as  a  dark  opening,  of  variable  size.  In  some  cases  the 
aperture  becomes  slightly  enlarged  during  the  next  few  days, 
but  under  ordinary  circumstances  the  difference  is  never  very 
great. 

The  secretion  which  escapes  from  the  meatus  varies  in 
character  and  quantity ;  it  is  at  first  sero-purulent,  greyish- 
yellow  in  colour,  and  tinged  with  blood.  After  a  few  days  it 
becomes  more  decidedly  purulent.  If  the  secretion  contain  much 
mucus,  little  yellowish  masses,  flakes  and  threads  will  be  found  in 
the  water  after  the  S}'ringe  has  been  used.  Pus,  on  the  other 
hand,  mingles  more  or  less  freeh'  with  the  water.  Blood  is  often 
mingled  with  the  discharge  in  middle-ear  suppuration  occurring 
in  cachectic  subjects,  and  in  cases  due  to  injury.  The  escape  of 
blood  from  the  vessels  is  due.  in  some  instances  at  least,  to 
closure  of  the  Eustachian  tube.  The  resulting  vacuum  in  the 
tympanum,  or  the  approach  thereto,  produces  hyperaemia  and 
rupture  of  the  vessels. 
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The  changes  discoverable  in  the  nose,  pharynx,  and  Eusta- 
chian tube  are  the  same  as  those  which  accompany  catarrhal 
inflammation.  Obliteration  of  the  canal  of  the  tube,  due  to 
swelling  of  the  mucous  membrane,  is  often  found  in  cases  of 
suppurative  middle-ear  inflammation.  In  such  cases  the  air- 
douche  yields  a  negative  result.  In  the  absence  of  perforation, 
if  the  mucous  membrane  of  the  tympanum  be  much  swollen,  and 
the  cavity  be  filled  with  tenacious  secretion,  the  injection  of  air 
will  cause  little,  if  any  sound,  even  when  the  tube  is  permeable. 

Course  and  Results. — The  first  stage  of  the  disease,  comprising 
the  interval  between  the  outbreak  of  the  symptoms  and  the  per- 
foration of  the  membrane,  varies  in  length  in  different  cases.  In 
the  absence  of  treatment  (i.e.,  paracentesis)  an  opening  is 
usually  formed  in  the  course  of  four  or  five  days.  In  some  cases, 
however,  the  membrane  gives  way  before  twelve  hours  have 
elapsed;  in  others  the  opening  is  delayed  for  two  or  three 
weeks.  These  differences  are  due  to  the  variations  in  the  in- 
tensity of  the  inflammation,  and  in  the  kinds  of  bacteria  that 
may  be  present,  and  likewise  to  the  resistance  which  the  mem- 
brane offers  to  the  pressure  of  the  exuded  fluid.  Rupture  is  apt 
to  be  delayed,  if,  as  often  happens  in  the  case  of  adults,  the  mem- 
brane be  thickened  by  calcareous  or  other  deposits.  It  must  also 
be  remembered  that  in  children  the  normal  membrane  is  thicker 
than  in  after-life.  The  occurrence  of  perforation  is  generally 
followed  by  relief  of  all  the  symptoms,  the  change  in  this  respect 
being  very  marked  in  young  subjects.  The  patients'  aspect 
becomes  more  natural ;  the  restlessness  or  apathy  is  no  longer 
prominent,  and  the  head  can  be  moved  without  signs  of  pain.  If 
the  former  symptoms  continue,  with  but  slight  abatement,  after 
the  perforation  has  taken  place,  there  is  reason  to  suspect  that  the 
osseous  walls  of  the  cavity  have  become  implicated. 

The  second  stage  of  the  process,  viz.,  the  interval  between  the 
occurrence  of  perforation  and  the  closure  of  the  opening,  also 
varies  in  length  in  different  cases.  Its  principal  characteristic  is 
the  discharge  which  gradually  ceases ;  while  the  subjective  sensa- 
tions become  less  and  less  troublesome,  and  the  hearing-power  is 
more  or  less  improved.  When  the  opening  is  very  small  and 
the  general  condition  of  the  patient  not  unfavourable,  closure 
may  take  place  in  the  course  of  a  few  days.  In  most  cases,  how- 
ever,   cicatrisation    is    not    completed    until    several    weeks   have 
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elapsed,  but  the  period  depends  chiefly  upon  the  severity  of  the 
previous  inflammation.  The  .membrana  tympani  gradually  re- 
assumes  its  normal  appearance,  and,  in  some  instances,  scarceh' 
any  trace  remains  of  the  opening.  More  commonly,  however,  the 
spot  is  marked  by  a  cicatrix,  or  by  opacity  or  calcareous  deposit. 
Opaque  patches  are  frequent h'  visible  in  other  portions  of  the 
membrane.  Tinnitus  is  often  the  last  symptom  to  disappear ;  it 
may  continue  to  be  troublesome  for  some  months,  and  then  pass  off. 

In  a  somewhat  large  proportion  of  cases,  the  local  and  general 
symptoms  reappear  to  some  extent  a  few  days  after  perforation  has 
occurred.  The  patient  is  feverish  and  complains  of  pain,  noises  in 
the  head,  and  other  unpleasant  sensations.  These  symptoms  are 
due  to  retention  and  accumulation  of  the  secretion,  as  a  result  of 
closure  of  the  opening  either  by  adhesion  of  its  margins  or  b}" 
masses  of  inspissated  material.  Such  relapses  may  also  be  due  to 
the  influence  of  diff'erent  kinds  of  micro-organisms.  All  these 
symptoms  usually  pass  away  under  proper  treatment ;  their 
persistence,  in  spite  of  local  measures,  would  be  suggestive  of 
cranial  complications. 

The  course  above  described  is  witnessed  in  favourable  cases  ; 
there  are,  unfortunately,  many  others  in  which  the  progress  of 
middle-ear  suppuration  is  of  a  very  different  character.  Instances 
of  this  t}rpe  are  not  infrequent  in  connection  with  pharyngeal 
diphtheria  and  the  acute  exanthemata.  The  process  in  the  ear  is 
exceedingly  rapid  and  intense  ;  in  the  course  of  a  few  days,  the 
tissues  of  the  middle  ear  are  partially  or  totally  destroyed,  the 
ossicles  are  detached  and  come  away,  and  the  membrane  perishes 
in  the  suppuration.  Complete  deafness,  or  serious  impairment 
of  hearing,  is  the  necessary  result,  and  a  history  of  this  kind 
is  attached  to  many  cases  of  deaf-mutism,  the  children  having  lost 
their  hearing  power  before  they  were  able  to  speak.  In  adults 
also,  severe  suppuration  of  the  tympanum,  associated  with  marked 
cachexia,  tuberculosis,  scarlatina,  or  typhoid  fever,  often  results  in 
serious  damage  to  the  cavity  and  its  contents,  with  grave  impair- 
ment of  hearing,  or  even  complete  deafness,  as  a  permanent  result. 
Complications  of  various  kinds  exercise  a  more  or  less  decided 
influence  upon  the  course  of  the  disease.  Extension  of  the 
inflammation  to  the  mastoid  cells,  the  development  of  granulations 
upon  the  membrane  or  ^^-alls  of  the  tympanum,  and  chronic  in- 
flammation of  the  meatus,  frequently  retard  the  progress  of  the  case. 
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The  Results  of  acute  suppuration  of  the  middle  ear  vary  con- 
siderabl}'  in  different  cases  :  the}^  may  be  briefly  summarised 
as  follows  : — 

(1)  The  symptoms  may  subside  after  perforation  ;  closure  of 
the  opening  and  restoration  of  function  being  completed  within 
a  few  weeks,  or  perhaps  several  months. 

(2)  Impairment  or  total  loss  of  hearing-power,  the  result  of 
permanent  lesions  within  the  tympanum.  The  position  of  the 
ossicles  with  regard  to  each  other  and  to  the  wall  of  the  cavity  is 
liable  to  man}^  alterations  ;  if  the  ligaments  be  destroj^ed,  the 
bones  are  more  freely  movable.  In  other  cases,  abnormal 
adhesions  take  place,  and  these  have  an  opposite  effect.  In- 
crease of  mobility  is,  however,  more  common ;  the  bones,  no 
longer  held  together  by  the  ligaments,  become  dislocated,  and 
this  change  is  especially  liable  to  occur  after  extensive  destruction 
of  the  membrane.  One  or  more  of  the  bones  may  be  completely 
separated  from  the  remainder,  and  escape  with  the  discharge. 
This,  however,  is  a  rare  accident,  when  compared  with  the  fre- 
quency of  middle-ear  suppuration.  In  other  cases,  the  ossicles 
become  carious  or  necrotic.  The  articulation  between  the  incus 
and  stapes  is  most  often  affected  by  destruction  of  the  ligaments. 
Purulent  exudation  in  the  labyrinth  may  be  associated  with  these 
lesions  of  the  membrane  and  ossicles. 

(3)  Mastoid  periostitis,  or  inflammation  of  the  mastoid  cells, 
terminating  either  in  recovery  or  in  abscess  with  discharge  exter- 
nally ;  caries  or  necrosis  of  the  mastoid  proces. 

(4)  Purulent  inflammation  in  the  Eustachian  tube,  and 
phaiyngeal  abscesses  as  a  result. 

(o)  Subsidence  of  the  acute  symptoms  after  perforation  and 
the  continuance  of  the  discharge  for  an  indefinite  period,  the 
condition  being  that  of  chronic  suppurative  inflammation 
of  the  middle  ear,  which  will  form  the  subject  of  the  next 
chapter.  The  disease  frequently  takes  this  course  in  scrofulous 
and  tuberculous  cases,  and  when  it  occurs  in  connection  with 
scarlatina. 

(6)  The  disease  occasionally  proves  fatal,  by  causing  one  or 
other  of  the  following  conditions  :  meningitis,  thrombosis  of 
the  lateral  sinus,  pyaemia,  opening  of  the  carotid  artery  as  a 
result  of  caries  of  the  wall  of  the  canal.  A  fatal  result  is  less 
common  than  in  chronic  suppuration  of  the  middle  ear. 
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Diagnosis. — In  tlie  early  stages  of  the  disease,  the  symptoms 
resemble  those  of  acute  catarrhal  inflammation ;  but  they  are 
usually  more  severe.  The  nature  of  the  case  becomes  evident 
when  the  membrane  bulges  out  into  the  meatus,  and  yellowish 
pus  can  be  seen  through  it,  or  when  a  pustule  occupies  the  most 
prominent  part  of  the  swelling.  It  must  be  remembered  that 
portions  of  the  inner  wall  of  the  t^anpanum  can  sometimes  be 
seen  through  the  membrane,  and  care  must  be  taken  not  to  mis- 
take these  for  collections  of  pus.  Behind  and  a  little  above 
the  lower  extremity  of  the  handle  of  the  malleus,  a  slightly 
yellowish  spot  is  sometimes  visible ;  this  is  due  to  the  yellow  rays 
reflected  from  the  promontory  (Politzer). 

After  perforation,  the  diagnosis  is  made  (1)  by  ocular  inspec- 
tion and  by  observing  the  peculiarities  of  the  secretion  which 
escapes  ;  (2)  by  injecting  air  into  the  tympanum  and  listening 
to  the  sound  produced  in  the  opening  ;  (o)  by  condensing  or 
exhausting  the  air  in  the  external  meatus.  In  examining  the  ear 
in  order  to  detect  a  perforation,  it  is  sometimes  necessary  to 
inject  air,  either  by  Valsalva's  or  Politzer's  method,  or  through 
a  catheter,  in  order  to  separate  the  margins  of  the  aperture  and 
to  force  out  plugs  of  pus  and  debris.  Syringing  may  also  be 
employed  for  cleansing  the  meatus.  Inflation  of  the  middle  ear, 
with  auscultation,  will  confirm  or  establish  the  diagnosis.  If  the 
perforation  be  small,  a  whistling  or  hissing  sound  is  heard  as  the 
air  passes  through  it.  Politzer's  method  is  likely  to  be  more 
efficacious  than  Valsalva's,  as  the  air  passes  with  greater  force. 
When  a  perforation  exists  and  air  is  condensed  in  the  external 
meatus,  as  by  the  use  of  Siegle's  pneumatic  speculum,  the  air 
passes  along  the  Eustachian  tube  into  the  throat,  and  the  sound 
can  be  heard  by  means  of  a  tube  introduced  into  the  nares.  On 
the  other  hand,  when  the  air  in  the  meatus  is  exhausted  by  means 
of  a  Siegle's  speculum,  the  fluid  contents  of  the  tympanum  are 
drawn  through  the  perforation,  and  may  be  seen  flowing  into  the 
meatus. 

Prognosis. — The  complaint  is  not  specially  dangerous  to  life  in 
persons  otherwise  healthy,  and  provided  that  suitable  treatment  be 
adopted  from  the  commencement  and  throughout  the  progress  of 
the  disease.  The  most  important  favourable  symptoms  are  :  early 
occurrence  of  perforation  and  escape  of  secretion  ;  rapid  subsi- 
dence of  fever  and  subjective   sensations  and   absence  of  compli- 
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cations.  Evidences  of  scrofula,  tuberculosis,  sjqohilis,  or  of 
general  malnutrition  are  to  be  regarded  as  unfavourable.  When 
the  middle-ear  affection  is  associated  with  scarlatina  or  diph- 
theria, the  case  is  likely  to  be  verj^  serious,  and  the  restoration 
of  the  affected  parts  to  a  normal  condition  is  highh'  improbable. 
Other  symptoms  of  an  unfavourable  character  are  :  intensity  and 
duration  of  the  pain  ;  signs  of  cranial  mischief ;  frequent  recur- 
rence of  rigors  and  fever  ;  evidences  of  mastoid  inflammation 
and  detachment  of  the  ossicles.  It  seldom  happens  that  acute 
middle-ear  suppuration  leads  immediately  to  a  fatal  result.  Such 
an  ending  is  generallj'  due  to  caries  or  necrosis  and  their 
consequences,  and  the  patients  are  usually  the  subjects  of  some 
constitutional  disorder,  the  presence  of  which  materially  affects 
the  prognosis. 

Professor  Gruber  has  pointed  out  that  the  age  of  the  patient 
has  to  be  taken  into  account,  and  for  the  following  reasons  :  In 
very  young  children,  the  lateral  sinus  is  separated  from  the 
mastoid  cells  by  a  wall  of  osseous  tissue,  which  is  relatively 
thicker  than  in  adults.  In  old  age  these  cells  are  often  obliterated, 
and  hence  the  danger  of  extension  of  morbid  processes  from  the 
ear  to  the  cranial  contents  is  less  at  the  two  extremes  of  life  than 
during  the  intervening  period.  Both  in  young  and  in  aged 
subjects  the  tendency  of  any  extension  of  the  mischief  in  middle- 
ear  suppuration  is  rather  towards  the  surface  than  in  the  opposite 
direction. 

The  hearing-power  may  be  permanently  more  or  less  impaired, 
and  on  this  subject  a  very  guarded  prognosis  is  alwaj^s  necessary. 
In  many  cases  complete  restoration  ensues,  but  such  a  result 
cannot  be  definitely  promised.  Unfavourable  symptoms  in  this 
respect  are  :  persistent  and  profuse  discharge,  especially  if  hasmor- 
rhagic  in  character ;  persistent  subjective  auditory  sensations ; 
considerable  and  rapid  destruction  of  the  membrana  t^'mpani; 
detachment  of  one  or  more  ossicles ;  signs  of  mastoid  inflamma- 
tion and  loss  of  bone-conduction.  If  improvement  of  the  hearing- 
power  takes  place  simultaneously  with  the  subsidence  of  the 
inflammation,  a  favourable  result  may  confidently  be  expected;  but 
in  the  absence  of  any  such  change  the  prognosis  must  be  very 
guarded. 

Treatment. — In  the  early  stages  the  measures  required  are  the 
same  as  those  recommended  for  acute  catarrhal  inflammation.    The 
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patient  must  be  kept  at  rest  and  on  low  diet ;  stimulants  of  all 
kinds  should  be  avoided,  and  if  the  bowels  are  confined,  suitable 
purgatives  should  be  administered. 

Except  in  debilitated  subjects  leeches  should  be  applied  in 
front  of  and  behind  the  ear,  and  internal  to  the  lobule,  with  the 
object  of  lessening  the  pain  and  Iwperaemia ;  and  this  treatment, 
if  followed  b}'  relief,  may  be  repeated  several  times.  In  the  case 
of  an  adult,  six  or  eight  leeches  ma}'  be  applied.  If  a  leech-glass 
is  not  at  hand,  a  small  test-tube  answers  the  purpose  very  well. 
The  part  to  which  a  leech  is  to  be  put  should  be  washed  ^^'ith 
warm  water,  and  if  the  leech  will  not  bite,  a  drop  of  milk  may 
be  placed  on  it ;  or  as  a  last  resource,  the  part  may  be  pricked 
with  a  needle,  and  a  drop  of  blood  smeared  over  it.  The  appli- 
cation of  cold,  by  means  of  ice-bags,  is  sometimes  recommended ; 
but  the  effects  are  for  the  most  part  unsatisfactory.  On  the  other 
hand,  relief  is  generally  obtained  from  moist  and  hot  applications, 
such  as  a  hot  sponge  or  compress.  These,  however,  should  not 
be  continued  for  more  than  two  or  three  days ;  by  hastening  the 
destructive  process,  the}'  are  liable  to  act  prejudicially  upon  the 
deeper  parts  of  the  ear.  A  little  warm  water  poured  into  the  ear 
from  time  to  time  will  serve  to  relieve  the  pain ;  it  should  be 
allowed  to  remain  for  a  few  minutes  and  then  removed.  A  i'ew 
drops  of  tincture,  or  what  is  better,  the  liquid  extract  of  opium, 
may  be  added  to  the  water.  Ten  to  fifteen  drops  of  a  10 — 20  per 
cent,  solution  of  hydrochlorate  of  cocaine,  previously  warmed  {see 
page  139),  may  be  used  for  the  same  purpose.  Atropine  some- 
times acts  satisfactorily  in  these  cases  ;  but  its  use  requires  great 
care.  Three  or  four  minims  of  the  Liquor  Atropina3  Sulphat.  are 
instilled  into  the  meatus  every  three  or  four  hours,  and  allowed 
to  remain  for  about  ten  minutes.  If  there  be  decided  tenderness 
over  the  mastoid  process,  a  blister  or  mustard  plaster  should  be 
applied.  As  a  valuable  method  of  reducing  the  severity  of  the 
complaint  in  the  early  stages,  Bendelack  Hewetson.  of  Leeds, 
recommends  the  introduction  into  the  meatus  of  tampons  charged 
with  a  20  per  cent,  solution  of  glycerine  of  carbolic  acid. 
Kohrer,*  Morpurgo,  and  Hartmann  report  very  favourably  of 
their  experience  of  this  method.  When  fever  is  a  marked 
symptom,  antipja^etics  are  likely  to  prove  useful ;  antifebrin,  in 
doses  of  three  or  four  grains  or  more  every  four  hours,  or 
*  Lchrlnich  tier  Ohrenheilhnide,  S.  129. 
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antipyriii  in  doses  of  ten  gmins  or  more  at  an  hour's  interval, 
are  good  remedies  of  this  class. 

When  there  are  positive  signs  of  purulent  formation  within 
the  tympanum — that  is,  when  the  membrane  bulges  out  into  the 
meatus,  and  the  swelling  is  greenish  or  yellowish  in  colour,  and 
there  is  severe  pain  and  high  fever — the  operation  of  paracentesis 
is  strongly  indicated.  An  incision  into  the  membrane  not  only 
provides  a  suitable  outlet  for  the  escape  of  the  pus,  but  reduces 
the  hyperaemia  of  the  tympanic  vessels,  relieves  the  tension  and 
pain,  and  lessens  the  duration  and  risk  of  extension  of  the 
morbid  process.  Prompt  mitigation  of  the  pain  is  the  almost 
invariable  result.  As  a  general  rule  the  operation  should  not  be 
delayed  when  the  symptoms  are  manifest ;  the  risk  of  damage  to 
the  structures  of  the  tympanum  rapidly  becomes  more  serious. 
Moreover,  the  progress  of  the  case,  after  the  pus  has  been 
•evacuated  by  an  incision,  is  always  more  satisfactory^  than  when 
the  opening  is  allowed  to  take  place  spontaneously.  As  a  general 
rule,  the  incision  should  be  made  in  the  lower  half  of  the  mem- 
brane, below  the  umbo,  as  the  purulent  collection  gravitates 
towards  the  floor  of  the  cavity.  If,  however,  the  yellowness  be 
ver}^  marked  at  any  particular  spot,  showing  that  the  pus  is 
nearer  to  the  surface  there  than  elsewhere,  the  incision  should 
be  made  so  as  to  involve  that  part.  As  a  preliminary  step,  it  is 
well  to  disinfect  the  meatus  by  pouring  into  it  a  one  per  thousand 
solution  of  perchloride  of  mercur^^  This  jnaj  be  allowed  to 
remain  for  a  few  minutes,  and  then  removed,  the  meatus  being 
afterwards  dried  with  absorbent  cotton-wool.  To  produce  local 
anaesthesia,  a  warm  20  per  cent,  solution  of  cocaine  may  be 
applied  to  the  membrane.  The  operation  of  paracentesis  has 
been  already  described  (see  page  314).  When  practised  for  the 
relief  of  acute  purulent  inflammation  of  the  tympanum,  the 
incision  in  the  membrane  should  be  made  sufficientlj'  large — 
from  the  -^  to  |  of  an  inch — so  that  the  exudation  may  freely 
escape  ;  this  precaution  is  very  necessary  if  the  pus  be  thick  and 
tenacious.  The  membrane  is  often  swollen  and  infiltrated,  and 
the  paracentesis  needle  has  to  pass  through  a  considerable  amount 
of  tissue  before  the  cavity  is  reached. 

Other  circumstances,  besides  those  mentioned  above,  may 
render  the  operation  necessarj^  Thus,  in  the  absence  of  any 
•decided  prominence  of  the  membrane,  if  the  pain  be  very  severe, 
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and  palliatives  prove  useless,  an  exploratory  incision  will  gene- 
rally be  successful.  It  must  be  borne  in  mind  that  the  mem- 
brane is  sometimes  thickened  and  indurated  in  consequence  of 
previous  disease,  and  under  such  circumstances  a  purulent  col- 
lection may  exist  in  the  middle  ear  without  causing  any  decided 
change  visible  from  the  meatus. 

After  the  operation,  which  usually  causes  but  little  haemorrhage, 
the  purulent  matter  escapes  more  or  less  freel}^;  if  it  be  viscid 
and  therefore  retained,  the  meatus  should  be  filled  several  times 
daily  with  warm  water.  Politzer  recommends  the  instillation  of 
TT^viii. — X.  of  a  2  per  cent,  solution  of  pilocarpine,  for  the  purpose 
of  making  the  secretion  more  fluid.  If  pain  continue  after  para- 
centesis, or  after  spontaneous  perforation,  the  anodynes  cocaine 
and  atropine  (as  described  in  a  former  paragraph)  or  warm  liquid 
extract  of  opium  should  be  dropped  into  the  ear. 

When  an  opening  has  been  made,  whether  by  puncture  or  by 
spontaneous  rupture,  the  meatus  should  be  thoroughly  cleansed 
several  times  daily  with  pure  warm  water,  or  a  warm  solution  of 
boric  acid  ;  the  frecpiency  with  which  the  injections  are  used  must 
be  regulated  by  the  amount  of  secretion.  If  the  latter  be  very 
abundant,  the  meatus  should  be  washed  out  every  two  hours. 
After  the  injections,  the  canal  should  be  carefully  cleansed  and 
dried,  and  a  plug  of  cotton-wool  introduced. 

The  injection,  however,  of  warm  water  into  the  meatus  will 
not  remove  all  secretion  from  the  middle  ear  ;  other  means  must 
be  adopted  for  this  purpose,  and  the  best  plan  is  to  inject  air 
through  the  Eustachian  tube  by  Politzer's  method.  There  are, 
however,  certain  drawbacks  connected  with  the  employment  of 
the  air-douche.  In  the  first  place,  micro-organisms  are  likely  to 
be  conveyed  to  the  tympanum  from  the  nose  and  naso-pharynx. 
This  risk  can,  at  least  to  some  extent,  be  averted  by  a  preliminary 
disinfection  of  these  cavities.  Rohrer  recommends  peroxide  of 
h^^drogen  as  a  suitable  disinfectant,  to  be  followed  by  insufflations 
of  iodoform,  iodol,  or  aristol.  There  is  another  danger,  viz..  that 
of  forcing  particles  of  secretion  into  the  mastoid  antrum  or  into 
the  pouches  of  the  tympanic  membrane,  which  were  previously 
free  from  disease.  When  the  tympanum  is  filled  with  tenacious 
secretion,  even  a  strong  current  of  air  may  only  break  up  the 
mass,  without  forcing  it  through  the  opening  in  the  membrane. 
The   case  is  of  course  different  when  the  secretion  is  alto^'ether 
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fluid  in  character.  If  the  pouches  of  the  membrane  be  already 
filled  with  secretion,  a  current  of  air,  passing  upwards  from  the 
Eustachian  tube,  cannot  clear  these  spaces,  but  the  secretion  is 
likety  to  be  driven  into  the  mastoid  cells,  and  to  aggravate  the 
condition  of  those  cavities. 

These  drawbacks  are,  however,  more  than  counter-balanced  by 
the  results  often  produced  by  the  employment  of  Politzer's  method. 
If  there  be  considerable  obstruction  in  the  tube,  the  catheter  maj^ 
be  employed  for  the  injection  of  air.  When  the  exudation  is 
very  abundant  and  tenacious,  the  injected  air  may  fail  to  propel 
it  through  the  perforation.  Under  such  circumstances,  it  is  best 
to  wash  out  the  tympanum  with  a  warm  solution  of  common 
salt  (f  per  cent.)  previously  sterilised  and  injected  through  the 
catheter.  This  solution  generally  diminishes  the  tenacity  of  the 
exudation  which  is  forced  into  the  meatus,  provided  that  the 
aperture  in  the  membrane  be  sufficienth'  large.  In  the  event  of 
failure,  the  catheter  should  be  laid  aside  for  a  few  days,  during 
which  the  meatus  is  to  be  frequently  cleansed  by  the  use  of  the 
syringe,  as  already  described. 

For  the  majority  of  comparatively  mild  cases,  the  injection  of 
air  into  the  middle  ear  is  all  that  is  necessary ;  in  a  few  days  the 
discharge  ceases,  and  the  aperture  gradually  closes.  As  a  general 
rule,  however,  local  remedies  are  required  to  check  secretion  and 
to  restore  the  parts  to  a  normal  condition.  The  best  remedy  for 
this  purpose  is  boric  acid,  reduced  to  a  very  fine  powder.  Before 
using  it.  the  meatus  should  be  washed  out  with  warm  water  and 
carefully  dried  with  absorbent  wool.  A  small  quantity  of  the 
powder  is  then  blown  into  the  meatus  by  means  of  an  insufflator, 
and  a  plug  of  cotton-wool  is  introduced.  This  treatment  is  to  be 
repeated  several  times  daily,  until  no  discharge  appears  on  the 
cotton-wool  which  has  remained  in  the  meatus  for  twenty-four 
hours.  Politzer  recommends  that,  if  no  decided  lessening  of  the 
secretion  is  observed  within  a  few  days,  a  little  plug  of  iodoform 
or  some  cotton-wool  dusted  over  with  the  same  drug,  should  be 
passed  down  the  meatus  and  kept  in  contact  with  the  membrane, 
and  that  after  this  plan  has  been  adopted  for  a  short  time,  the 
boric  acid  should  be  again  applied. 

As  the  continuance  of  the  discharge  is  frequenth-  due  to 
retention  of  pus  in  the  tjmipanum,  in  preference  to  changing  the 
application  of  boric  acid  for  that  of  another  drug,  I  usually  have 
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the  meatus  syringed  out.  and  then  a  Politzer's  inflation  given  to 
force  the  discharge  out  of  the  tympanum.  The  syringing  and 
Politzer's  inflation  should  then  be  repeated  alternately  until  the 
water  which  comes  away  is  free  from  pus  or  mucus.  In  such  a 
case  it  is  better  to  syringe  the  meatus  with  a  warm  solution  of 
carbolic  acid  (1  in  80)  instead  of  with  water  or  a  solution  of  boric 
acid.  When  this  treatment  is  adopted  several  times  daily  for  a 
few  days,  the  discharge  usualh'  diminishes  greatly  or  entirely 
ceases.  The  Politzer's  inflation  is  contra-indicated  if  it  produces 
pain. 

If  the  treatment  by  boric  acid  fail  to  check  the  discharge, 
astringent  remedies  should  be  tried ;  sulphate  of  zinc  and  acetate 
of  lead  are  the  most  useful.  Schwartze  recommends  the  instilla- 
tion of  dilute  Liquor  Plumbi  Subacetat.  (Tf[i. — ij.  to  Tll^x.  warmed 
distilled  water).  This  mixture  is  to  be  used  thrice  daily  for  a  few 
days,  and  afterwards  less  frequently,  and  should  be  allowed  to 
remain  in  the  meatus  for  about  ten  minutes.  It  causes  less 
irritation  than  other  astringents,  and  often  checks  suppuration 
within  a  few  days.  After  removal  of  the  fluid,  the  meatus  is 
carefully  dried  with  absorbent  wool.  The  sulphate  of  zinc  is  used 
in  the  form  of  a  water}'  solution  (2 — 5  grains  to  the  ounce) ; 
twenty  drops,  warmed,  are  poured  into  the  ear  and  allowed  to 
remain  for  ten  or  fifteen  minutes.  The  instillation  is  made  once 
or  twice  daily,  and  continued  for  five  or  six  days.  A  solution 
of  acetate  of  lead,  of  the  same  strength,  may  be  used  in  a  similar 
manner.  In  some  cases  the  addition  of  tincture  or  liquid  extract 
of  opium  to  the  above-mentioned  solutions,  in  the  proportion  of 
two  drachms  to  each  ounce,  proves  beneficial.  As  a  general  rule, 
astringents  are  not  advisable  so  long  as  the  patient  complains  of 
pain  in  the  ear. 

The  treatment  of  cases  in  which  spontaneous  perforation  has 
taken  place  is  to  be  conducted  in  much  the  same  manner  as  that 
already  described.  It  is  important  that  the  exudation  should 
freely  escape,  for  if  it  be  pent  up  within  the  cavity,  complications 
are  likely  to  occur.  Extension  of  the  process  to  the  mastoid  cells 
is  by  no  means  infrequent.  Retention  of  secretion  may  be  due 
either  to  smallness  of  the  aperture  or  to  its  position  in  the  upper 
part  of  the  membrane.  In  the  former  case,  the  aperture  should 
be  enlarged  with  the  paracentesis  knife  ;  and  in  the  latter,  a 
second  opening  should  be  made  in  the  lower  part  of  the  mem- 
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brane  if  there  is  evidence  that  the  retained  secretion  is  keeping 
up  the  inflammation  or  causing  its  extension,  otherwise  time 
should  be  allowed  for  the  symptoms  to  disappear  in  their  ordinary 
course.  The  alternate  syringing  and  injection  of  air,  as  just 
described,  is  often  sufficient  to  keep  the  tympanum  clear,  although 
the  perforation  is  in  the  upper  part  of  the  membrane.  Implica- 
tion of  the  mastoid  cells  is  marked  by  local  pain,  tenderness, 
redness,  and  swelling.  To  relieve  these  symptoms  leeches  should 
be  applied  behind  the  ear,  and  followed  by  an  ice-bag  or  cold 
compresses.  When  the  redness  and  swelling  have  subsided, 
tincture  of  iodine  painted  over  the  process  will  help  to  promote 
resolution.  If  no  benefit  be  obtained  from  these  measures,  or 
from  the  injection  of  warm  water  through  the  catheter,  and  if  the 
mastoid  region  remain  swollen  and  painful,  the  best  plan  to  adopt 
is  to  make  an  incision  through  the  soft  parts  covering  the  pro- 
cess. The  incision  should  be  about  H  inches  in  length,  and 
should  be  carried  down  to  the  bone.  The  symptoms  are  almost 
invariably  relieved  even  if  no  pus  escapes.  The  treatment  of 
inflammation  of  the  mastoid  process  will  be  fully  described  in 
subsequent  pages. 

When  the  opening  resulting  from  spontaneous  perforation  is 
sufficientl}'  large  and  favourably  situated  for  the  escape  of  dis- 
charge, the  treatment  depends  upon  the  nature  of  the  secretion. 
If  the  latter  be  thin  and  serous,  and  escape  freely,  all  that  is 
necessary  is  to  keep  the  meatus  clean  by  syringing  and  careful 
dr^'ing,  and  to  apply  boric  acid  by  insufflation.  If  the  secretion 
be  purulent  and  offensive,  the  air-douche  or  the  use  of  the  catheter 
daily,  and  antiseptic  fluids  for  syringing  into  the  meatus,  will 
constitute  the  best  treatment.  It  may  be  necessar}^  to  enlarge 
the  opening  in  the  membrane  or  to  make  a  second.  Excoriations 
or  ulcers  in  the  meatus  generally  heal  as  the  character  of  the 
secretion  becomes  improved  ;  the  application  of  white  precipitate 
ointment  (1  :  20)  will  prove  efficacious.  Granulations  sometimes 
form  on  the  margin  of  a  perforation ;  but  the}^  usually  subside  as 
the  secretion  diminishes.  If  they  prove  troublesome,  they  should 
be  lightly  touched  with  the  point  of  a  fine  probe  coated  with 
nitrate  of  silver  or  with  a  solution  of  chromic  acid,  ten  grains  to 
the  ounce. 

After  the  opening  in  the  membrane  has  closed,  an  interval 
of  three  or  four  weeks  should  be  allowed  to  elapse ;  the  air-douche 
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may  tlien  again  be  used  with  advantage,  provided  that  the  mem- 
brane is  no  longer  swollen,  especially  in  the  neighbourhood  of 
the  short  process.  The  air  should  be  injected  twice  a  week  for 
four  or  five  weeks,  very  slight  force  being  used  at  first.  The  ear 
must  be  protected  as  far  as  possible  from  injurious  influences ;  a 
plug  of  cotton-wool  or  gauze  should  be  worn  for  several  weeks, 
and  all  probable  causes  of  a  relapse  should  be  scrupulously 
avoided. 

The  s^'mptoms  and  treatment  of  mastoid  complications  super- 
vening in  acute  middle-ear  suppuration  will  be  fully  described  in 
a  subsequent  chapter. 
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CHAPTEE   XXYIII. 

CHEONIC  SUPPURATIVE  IXFLAMMATIOX  OF  THE 
MIDDLE  E.AR. 


Statistics  showing  Frequency  of  the  Complaint — Morbid  Appearances  in 
the  Tympanic  Cavity  and  Membrane  —  Caries  of  the  Ossicles  — 
Suppuration  in  the  Upper  Tympanic  Spaces — The  Eustachian  Tube 
—  Causes  —  Influence  of  Age,  Sex,  etc. — Subjective  Symptoms  — 
Impairment  of  Hearing,  Tinnitus,  Giddiness — Pain  as  a  Symptom — 
Evidences  of  Nervous  Disorders — Objective  Symptoms — Discharges 
from  the  Ear  —  Micro-Organisms  —  Condition  of  the  Merabrana 
Tympani — Perforations,  their  Size,  Form,  etc. — Condition  of  Tym- 
panum^Portions  and  Structures  Visible  through  a  Perforation — 
Perforation  of  Shrapnell's  Membrane — Course  and  Results  of  Chronic 
Middle-Ear  Suppuration — Diagnosis  of  Perforations — Prognosis — 
Treatment — Various  Methods  of  Cleansing  the  Middle  Ear — The 
Syringe,  Inflation,  Enlargement  of  the  Opening — Aspiration,  Con- 
densation of  Air,  Dry  Cleansing— Use  of  Antiseptics — Boric  and 
Carbolic  Acids,  etc. — Caustics,  Nitrate  of  Silver — Astringents — 
Gelatin  Bougies — Constitutional  Remedies — Methods  of  Improving 
the  Hearing-Power. 

This  complaint  is  accompanied  by  a  discharge  from  the  meatus, 
and  hence  it  is  often  described  as  "  Otorrhoea."  It  is  the  most 
frequent  as  well  as  the  most  important  disease  to  which  the 
aural  structures  are  liable.  The  statistics  of  48,780  cases  of  ear- 
disease  show  that  the  middle  ear  was  affected  in  66-9  per  cent. ; 
the  external  ear  in  25*5 ;  while  7*6  represented  the  percentage  of 
affections  of  the  internal  ear.*  Of  all  middle-ear  affections.  29  per 
cent,  belong  to  the  suppurative  class.  The  Registrar-General's 
reports  show  that  300 — 1-00  deaths  occur  annually  from  what  is 

*  As  cited  in  a  lecture  delivered  at  the  Royal  College  of  Surgeons,  June  3, 1889, 
by  Prof.  A.  E.  J.  Barker. 
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vaguely  termed  '*  otitis."  The  mortality,  however,  is  far  greater 
than  would  appear  from  these  figures.  Not  a  few  fatal  cases  of 
suppurative  ear-disease  are  probably  returned  under  the  headings 
''  Meningitis,"  and  "  Unclassified  Brain-diseases."  With  respect  to 
otitis,  it  may  be  regarded  as  certain  that  middle-ear  disease  is 
implied  by  this  term  when  used  in  the  reports.  Suppuration  of 
the  external  ear  very  rarely  causes  a  fatal  issue,  while  the  internal 
ear  is  seldom,  if  ever,  the  seat  of  inflammation  leading  to 
suppuration.  Acute  inflammation  even  of  the  middle  ear  is 
comparatively  seldom  followed  by  cranial  complications ;  the 
lymphatics  are  intact,  and  any  septic  matters  which  ma^^  find 
their  way  into  the  cavity  are  probably  destroyed. 

Morbid  Appearances. — In  chronic  middle-ear  suppuration,  the 
continuance   of  the    process    is   due  to  various   causes,  the  most 
important   of  which  are  (1)  the   development  of  granulations  on 
the  mucous  membrane  of  the  tympanic  cavity ;  (2)  the  retention 
of  masses   of  exudation,  and  (3)  lesions   of  the   osseous  walls   of 
the  cavity.     One  or  all  of  these  conditions  may  be  present  in  any 
given   case.     The   mucous   membrane   undergoes   many    changes, 
varying  with  the  stage  of  the  disease.     It  is  generally  thickened 
as    a    result  of   excessive  infiltration    with    round  cells,    and    of 
vascular  dilatation  with  formation  of  new  vessels.      The  surface 
is  often  dotted  over  with  papillary  excrescences  or  nodules,  which 
amount  to  granulations,  and  are  frequently  polypoid  in  character. 
The  epithelial  cells  lose  their  cilia,  and  either  become  indurated 
or  undergo  fatty  degeneration.     Atrophy  of  the  lining  membrane 
is  another  result  of  purulent  inflammation,  and  may  be  regarded 
as  due  to  a  more  severe  type  of  the  disease.     In  this  form  there 
is  no  increase  of  tissue ;   on  the  other  hand,  the  normal  elements 
disappear   and  are   not  replaced ;  the  newh^-formed  cells  do   not 
become  organised,  but  are  rapidly  detached  and  discharged  with 
the    pus.       Thus     it    is,    that    when   examining    the    tympanum 
from  the  external  meatus,  through  a  perforation,  in  some  cases, 
a  thick  layer  of  connective  tissue  is  seen  to  cover  the  inner  wall ; 
in  others,  the  osseous  surface  is  visible  through  a  very  thin  layer 
of  membrane. 

Ulceration  results  from  the  replacement  of  the  sub-epithelial 
layer  by  a  mass  of  round  cells,  which  form  a  granulating  surface, 
traversed  by  dilated  vessels.  The  lining  membrane  is  of  a  deep- 
red    or    yellowish-red    colour ;    the    general    thickening    and    the 
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])<'i])illary  excrescences  considerably  reduce  the  size  of  the 
tympanic  cavity,  a  large  portion  of  which  may  be  tilled  up  by 
the  hvperti'ophied  mucous  membrane.  Important  changes  take 
place  in  the  l}-m})hatic  vessels  situated  in  the  deeper  layers ; 
their  trunks  form  an  anastomosing  network,  and  the  radicles 
become  varicose  and  constricted  at  intervals,  and  present  many 
knob-like  dilatations.  Politzer  also  describes  the  formation 
of  cyst-like  cavities  in  the  proliferated  mucous  membrane  :  those 
in  the  deeper  layers  are  to  be  regarded  as  isolated  lymph-spaces  ; 
while  the  minute  sacs  in  the  superficial  granulation-layers  are 
probably  due  to  the  cohesion  of  papillary  excrescences,  which  thus 
shut  off  the  little  depressions  contained  between  them.  These 
cyst-like  cavities  are  well  adapted  for  the  retention  of  infective 
matters,  septic  bacteria,  etc.  The  part  played  by  micro-organisms 
in  the  production  of  complications  would  seem  to  be  of  a  very 
important  character;  it  will  be  discussed  at  some  length  in 
subsequent  paragraphs. 

The  changes,  as  above  described,  are  not  uniformly  distributed 
over  the  mucous  membrane  of  the  middle  ear ;  but  different  parts 
are  often  affected  in  different  ways.  Thus  the  formation  of  granu- 
lations in  one  part  may  be  associated  with  the  development  of 
connective  tissue,  or  with  atroph)'  and  loss  of  substance,  in  other 
portions  of  the  membrane. 

The  Membrana  Tympani  is  almost  always  perforated,  and 
sometimes  in  two  or  more  places ;  the  size  and  shape  of  the 
openings  vary  considerably.  In  exceptional  cases,  the  secretion 
escapes  through  fistulous  channels  in  the  bones,  and  the  membrane 
may  then  be  found  intact.  Such  openings  are  usually  found  in 
the  posterior  and  posterior  superior  walls  of  the  nieatus.  and  com- 
municate with  the  mastoid  cells  or  antrum.  A  perforation  may 
at  the  same  time  exist  in  the  tympanic  membrane.  With  regard 
to  the  size  of  the  perforation,  it  is  sometimes  very  small,  although 
it  has  existed  for  years.  In  cases  in  which  the  aural  disease  was 
associated  with  scarlatina  or  diphtheria,  the  opening  is  usually 
large  ;  the  destruction  may  indeed  have  involved  the  whole  of  the 
membrane,  with  the  exception  of  a  very  narrow  border  next  to  the 
tendinous  ring.  Considerable  alterations  are  often  manifest  in 
the  remains  of  the  membrane;  thickening,  opacities,  and  calcareous 
deposits  are  the  most  common  changes.  In  most  cases,  the 
meml)rane  is  drawn  decidedly  inwards,  and  when  the  perforation 
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is  central,  its  margin  is  often  closely  applied  to  the  wall  of  the 
labyrinth.  After  a  large  perforation  has  remained  open  for  a 
long  time,  the  lining  of  the  cavity  sometimes  becomes  dermoid 
in  character,  o^^'ing  to  proliferation  of  epidermis  from  the  external 
meatus. 

The  structures  contained  in  the  tympanic  cavity  are  often 
bound  together  by  layers  and  fibrils  of  connective  tissue,  ex- 
tending in  various  directions,  and  sometimes  these  bands  become 
indurated,  calcified,  or  even  osseous  in  texture.  In  another  class 
of  cases,  destruction  of  tissue  is  the  prevailing  feature.  The 
mucous  membrane  is  ulcerated,  and  in  some  places  the  bone  is 
exposed  or  perhaps  hidden  by  granulations.  The  roof  and  inner 
wall  of  the  tympanic  cavity  are  the  parts  most  often  affected. 
Caries  is  another  result,  evidences  of  which  are  frequently  seen 
in  the  ossicles  as  well  as  in  the  bony  walls.  This  process,  whicli 
may  be  confined  to  the  malleus,  renders  the  suppuration  obstinate. 
The  discharge,  loaded  ^^'ith  micro-organisms,  trickles  down  to  the 
floor  of  the  cavity,  the  tissues  of  which  are  constantly  exposed  to 
reinfection.  Prussak's  space  (see  page  43)  and  the  anterior  and 
posterior  t^^mpanic  pouches  are  sometimes  filled  with  purulent 
matter,  the  presence  of  which  leads  to  destructive  changes, 
especially  to  perforation  of  Shrapnell's  membrane,  and  to  caries 
or  necrosis  of  the  malleus  and  incus.  As  stated  b}'  Politzer,* 
purulent  processes  in  this  system  of  cavities  (with  perforation  of 
Shrapnell's  membrane)  may  either  localise  themselves  and  not 
spread,  or  may  involve  the  entire  cavity.  In  the  latter  case,  the 
suppuration  in  the  middle  ear  may  come  to  an  end,  while  it  con- 
tinues almost  indefinitely  in  the  system  of  cavities  between  the 
body  of  the  malleus,  incus,  and  Shrapnell's  membrane.  Puru- 
lent processes  may  be  ver}''  obstinate  in  a  space  occupied  by  a 
meshwork,  from  which  stao'natino-  secretion  is  difficult  to  be 
removed,  and  the  hidden  crevices  of  which  are  with  difficulty 
accessible.  In  these  cases,  if  the  original  perforation  should  heal, 
another  opening  is  likely  to  form  in  Shrapnell's  membrane. 
Chronic  suppuration  in  the  mastoid  antrum  is  prone  to  occur 
simultaneously  with  purulent  processes  in  the  upper  tympanic 
spaces. 

The  Eustachian  Tube  is  always  more  or  less  affected  in  cases  of 

*  Anatomical  and  Histolocjical  Dlaaection  of  the  Human  Ear,  in  Normal  and 
Diseased  Conditions  (translated  by  George  Stone),  p.  86. 
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middle-ear  suppuration.  The  mucous  membrane  is  swollen  and 
covered  with  secretion ;  the  glands  are  enlarged  and  their  excretory 
ducts  dilated;  the  epithelium  may  be  either  thickened  or  detached. 
In  some  cases,  the  process  is  catarrhal  in  type;  in  others,  decidedly 
purulent.  Some  amount  of  constriction  often  remains  in  the 
tube. 

Causes. — Chronic  suppurative  inflammation  of  the  middle  ear 
is  generally  the  result  of  an  acute  attack ;  in  some  cases, 
however,  and  notably  in  those  due  to  tuberculosis,  the  disease 
is  chronic  in  type  from  the  commencement.  The  acute  symptoms 
are  apt  to  pass  into  a  chronic  stage  in  cases  of  scarlatina,  small- 
pox, and  measles-;  and  in  tuberculous,  scrofulous,  and  syphilitic 
patients.  A  similar  result  may  be  caused  by  improper  treatment, 
and  is  very  liable  to  occur  when  the  upper  tympanic  spaces  are 
the  seat  of  disease.  The  connection  between  scarlatina  and 
diphtheria  and  affections  of  the  middle  ear  is  now  thoroughly 
recognised  ;  in  both  these  diseases,  the  throat  is  often  implicated, 
and  the  process  extends  through  the  Eustachian  tube  to  the 
aural  structures.  As  a  general  rule,  it  may  be  stated  that  from 
five  to  six  per  cent,  of  all  diseases  of  the  ears  are  due  to  scarlatina, 
the  frequency  with  which  the  complication  occurs  being  in  pro- 
portion to  that  of  the  throat-affections  and  their  severity. 
Diphtheria  in  children  is  liable  to  be  followed  by  a  very  severe  form 
of  chronic  purulent  inflammation  of  the  middle  ear.  There  may 
be  little  or  no  pain  or  any  acute  symptoms,  but  in  a  few  days  a 
•discharge  appears  in  the  meatus,  abscesses  form  around  the  ear, 
and  portions  of  the  bone  soon  become  necrotic.  A  separate 
•chapter  will  be  devoted  to  the  consideration  of  those  forms  of 
otorrhoea  which  originate  in  diphtheria,  scarlatina,  tuberculosis, 
syphilis,  and  other  constitutional  disorders. 

According  to  v.  Troltsch  and  other  German  writers,  purulent 
collections  are  often  found  in  the  tympana  of  new-born  children. 
This  appearance  is  due  to  abnormal  metamorphosis  of  the 
embryonic  connective  tissue  ;  to  the  passage  of  licjuor  amnii  into 
the  tympanum  during  futile  attempts  by  the  foetus  at  respira- 
tion ;  and  possibly  to  the  entrance  of  matters  from  the  stomach 
during  the  act  of  vomiting.  It  must  also  be  noticed  that  the 
vascular  supply  is  more  copious  in  the  foetus  than  in  the  adult. 
In  forty-seven  temporal  bones  taken  from  new-born  children, 
V.   Troltsch  found  that  the  aural   structures  were  normal  onlv  in 
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eighteen  preparations ;  in  twenty-six  there  were  indications  of 
purulent  processes  in  the  middle  ear. 

The  complaint  is  most  common  in  children ;  and  both  sexes 
are  equalh'  liable  to  suffer  from  it :  in  a  majorit}^  of  cases  (58  per 
cent.)  only  one  ear  is  affected.  Many  of  the  sufferers  belong  to 
the  poorer  classes,  who  are  more  exposed  to  cold  and  damp,  and 
to  other  injurious  influences.  Dr.  Burnett  points  out  that  among 
the  A\'ell-to-do  classes  girls  form  the  majority  of  young  patients. 
They  are  more  closely  observed  than  boys,  and  therefore  are 
more  often  placed  under  treatment.  Boys  are  more  liable  to  be 
neglected  until  impairment  of  hearing  causes  them  to  lag 
behind  their  schoolfellows. 

Subjective  Symptoms. — These  vary  in  different  cases  ;  many 
patients  appear  to  be  almost  free  from  them,  and  complain  only  of 
the  discharo-e.  There  is  usually  more  or  less  deafness  ;  but  it  is 
sometimes  so  slight  as  to  pass  unnoticed,  and  especially  if  only 
one  ear  be  affected.  In  some  cases,  however,  the  hearing  is 
decidedly  impaired ;  and  this  symptom  may  be  due  either  to 
obstacles  to  conduction,  or  to  changes  in  the  labyrinth.  The 
former  is  the  more  common  cause  ;  the  comparative  infrequency 
of  labyrinthine  complications  is  a  distinguishing  mark  between 
chronic  middle-ear  suppuration  and  the  adhesive  processes. 
Bone-conduction  is  maintained ;  in  cases  of  unilateral  disease, 
the  tuning-fork  applied  to  the  vertex  is  best  heard  on  the  affected 
side.  Rinne's  test  gives  negative  results.  The  degree  in  ^^'hicll 
the  hearing  is  impaired  depends  in  some  measure  upon  the 
position  of  the  opening  in  the  membrane.  Perforations  in  the 
anterior  portion  are  more  likely  to  impair  the  function  than 
similar  openings  in  the  posterior  part.  Comparatively  slight 
alterations  may  be  noticed  even  with  large  perforations  involving 
the  posterior  superior  segment,  and  exposing  the  articulation 
between  the  incus  and  stapes.  When  the  cone  of  light  is 
destroyed,  the  hearing-power  is  apt  to  be  decidedly  lessened. 
Most  patients  are  conscious,  from  time  to  time,  of  considerable 
variations,  which  depend  upon  the  state  of  the  weather,  the 
condition  of  the  tympanum  and  Eustachian  tube,  and  particu- 
larly upon  the  nature  and  quantity  of  the  secretion.  Warm  and 
dry  weather  tends  to  improve  the  hearing.  A  thick  tenacious 
secretion  has  a  contrary  effect,  inasmuch  as  it  impedes  the 
movements    of    the    ossicles.       Sometimes    the    exudation    is    so 
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scanty  that  otorrhoea  cannot  be  said  to  exist ;  in  these  cases 
crusts  often  form  and  emit  a  veiy  disagreeable  odour.  The 
hearing-power  is  not  uniformly  affected  by  the  cessation  of  sup- 
puration ;  in  many  cases  the  deafness  increases  with  the  sub- 
sidence of  the  process,  and  is  lessened  when  the  discharge  again 
becomes  free.  The  change  for  the  better  is  probably  due  to  the 
relaxation  of  the  connective  tissue,  and  to  the  increased  mobility 
of  the  ossicles  under  the  influence  of  the  liquid  secretion.  If 
the  fenestrae  are  blocked-up  by  the  hypertrophied  mucous  mem- 
brane, and  the  base  of  the  stapes  is  lixed.  cessation  of  the  dis- 
charge is  not  likely  to  be  followed  by  any  improvement  of  function. 

Subjective  Sensations,  noises  of  various  kinds,  are  seldom  verj^ 
troublesome,  and  in  many  cases  are  altogether  absent.  Some 
patients  are  subject  to  occasional  attacks,  which  depend  upon  the 
condition  of  the  Eustachian  tube  and  t^mipanic  mucous  mem- 
brane. Tinnitus  is  likely  to  be  troublesome  when  the  labyrinth 
is  involved,  and  when  there  is  ankylosis  of  the  articulations 
between  the  ossicles.  Giddiness  is  an  occasional  symptom ;  it 
may  result  from  increased  pressure  in  the  labyrinth,  or  from 
extension  of  the  h^s'per^mia  of  the  tympanic  vessels  through  the 
petro-squamous  fissure  to  the  meninges.  An  attack  is  sometimes 
produced  by  stooping,  and  by  suddenly  rising  up  from  the 
recumbent  position ;  springing  the  ear  with  cold  water,  and  with 
too  great  an  amount  of  force,  is  likely  to  have  a  similar  effect. 

Pain  is  by  no  means  a  constant  or  prominent  symptom  in 
chronic  middle-ear  suppuration ;  usually  patients  complain  only 
of  uncomfortable  sensations  on  the  affected  side  of  the  head. 
The  supervention  of  an  acute  attack  will  be  accompanied  by 
severe  pain,  which  lasts  until  the  parts  have  returned  to  their 
former  condition.  Occlusion  of  the  perforation,  preventing  the 
escape  of  the  discharge,  is  a  common  cause  of  the  return  of  pain. 
Carious  processes  in  the  walls  of  the  cavity  may  give  rise  to 
severe  boring  pain,  extending  over  the  side  and  back  of  the  head. 
The  sudden  occurrence  of  severe  pain  renders  a  careful  examina- 
tion very  necessary. 

Various  Evidences  of  Nervous  Disorder  are  occasionally  wit- 
nessed. Sometimes  taste  is  impaired  or  even  lost  on  the  affected 
side,*  and  diminution  of  tactile  sensation  in  the  tongue  has  also 
been  noticed.  Facial  paralysis  is  another  symptom  of  this 
*  Urbantschitsch,  Lelirbucli  dcr  Ohrenheilkunde,  III.  Aufl.  S.  358. 
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character,  and  is  most  often  due  to  carious  processes  involving 
the  aqueduct  of  Fallopius,  though  it  ma}'  be  caused  by  pressure 
of  exudation  in  the  canal.  Urbantschitsch  mentions  impairment 
of  vision  and  nystagmus  as  occasionally  due  to  the  condition  of 
the  tympanum.  In  one  case,  recorded  by  Schwabach,*  pressure 
upon  the  wall  of  the  tympanum  caused  nystagmus,  with  move- 
ments towards  the  affected  side.  Psychical  disorders  of  various 
kinds  and  epileptiform  convulsions  are  sometimes  due  to  chronic 
middle-ear  suppuration ;  and  an  obstinate  cough  and  frequent 
paroxysms  of  sneezing  have  been  observed  to  accompany  a 
chronic  discharge  from  the  ear. 

Objective  Symptoms. — On  examining  the  meatus,  it  is  generally 
seen  to  contain  inspissated  or  fluid  pus,  and  the  walls  of  the  canal 
are  s^^'ollen  and  inflamed.  Yv^hen  the  discharge  is  only  slight, 
the  secretion  nrnj  be  confined  to  the  deep  part  of  the  meatus 
or  to  the  tympanum.  The  qualit}^  as  well  as  the  amount  of  the 
discharge,  varies  considerably  in  different  cases  and  at  different 
times  in  the  same  case.  Sometimes  the  secretion  is  thick  and 
scanty,  and  only  a  few  drops  are  discharged  in  the  course  of 
t^^•enty-four  hours,  or  perhaps  it  becomes  dry  in  the  meatus  and 
forms  crusts.  In  other  cases  the  discharge  is  watery  and  pro- 
fuse, or  even  so  abundant  as  to  trickle  almost  continuously  from 
the  ear.  In  a  case  recorded  by  Itard,  200  grammes  (about  seven 
ounces)  of  fluid  were  discharged  in  seven  days.  Abundant 
secretion  is  the  rule  in  cases  associated  with  scarlatina  and 
diphtheria,  and  when  the  tympanum  is  decidedly  granular  or  the 
temporal  bone  has  become  carious  with  subsequent  formation  of 
abscesses.  The  discharge  often  contains  crumb-like  masses  of 
inspissated  pus  and  of  epithelial  cells.  A'^ariations  in  the  quality 
of  the  secretion  are  very  numerous ;  thus  the  discharge  is  some- 
times purulent,  sometimes  muco-purulent  or  serous  and  tinged 
with  blood.  Less  frequently  it  is  viscid,  resembling  a  solution 
of  gum.  Stiff,  tenacious  crusts  are  then  apt  to  form  and  to 
irritate  the  walls  of  the  canal.  The  colour  likewise  varies;  it 
depends  upon  the  relative  proportions  of  pus,  mucus,  serum, 
blood,  debris,  and  vegetable  organisms ;  it  may  be  pure  3'ellow, 
greenish-yellow,  reddish,  or  brown ;  it  is  sometimes  decidedly 
blackish.  In  rare  cases,  the  discharge  is  blue  or  bluish-green  in 
colour.  Pus  of  this  character  is  sometimes  noticed  covering 
*  Deutsche  ZeiUing  f.  prakt.  HeWi.,  1878,  L 
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graiiiilatiiio-  sores  on  various  parts  of  the  l)ody.  The  colouring* 
matter  is  contained  in  the  serum  and  not  in  the  albumen ;  it  is 
due  to  micrococci,  containing  a  blue  material  called  '•  pyocyanin." 
These  organisms  (M.  j>ijoci/anetts)  require  for  their  development 
a  temperature  equal  to  that  of  the  body  and  the  presence  of 
albumen ;  they  are  not  found  when  the  discharge  is  profuse.  Tf 
a  drop  of  this  blue  pus  be  placed  in  the  meatus  of  a  patient 
suffering  from  ordinary-  otorrhoea,  the  discharge,  in  a  few  days, 
will  become  similarly  coloured.  The  organism  is  quite  innocuous, 
and  its  presence  does  not  interfere  with  the  course  of  the  healing- 
process.     Cholesteatoma  will  be  subsequenth^  described. 

A  highly  disagreeable  odour  is  another  common  feature  of 
the  discharge  in  cases  of  chronic  middle-ear  suppuration.  The 
odour  varies  in  character;  sometimes  it  is  described  as  "faint" 
or  "  sickly,"  sometimes  as  pungent  and  resembling  decaying 
cheese.  Mention  has  been  already  made  (see  page  365)  of 
the  various  kinds  of  micro-organisms  found  in  the  middle  ear 
in  cases  of  suppurative  disease.  In  lOU  patients  suffering  from 
this  disorder,  and  examined  by  Dr.  Rohrer.*  the  discharge  was 
more  or  less  foetid  in  sixty-nine  cases,  and  contained  many  forms 
of  micro-organisms.  In  317  examinations,  micrococci  were  found 
in  130.  and  bacilli  in  177  specimens.  In  sixty  patients  the 
symptoms  were  of  a  chronic  character,  and  bacilli  proved  to  be 
more  common  than  micrococci  in  the  discharge  (154  :  121).  In 
the  nine  acute  foetid  cases,  bacilli  were  found  in  still  greater 
proportions  (23  :  9) ;  in  the  cases  (31)  with  non-foetid  discharge, 
micrococci  alone  were  discoverable.  The  investigations  showed 
that  the  odour  of  the  discharge  in  foetid  otorrhoea  was  due  to 
forms  of  putrefactive  bacilli.  The  absence  of  bacilli  from  the 
non-foetid  discharges  is  a  ix)int  of  considerable  interest.  It  must 
be  remembered  that  an  offensive  odour  does  not  necessarily 
indicate  caries  of  the  osseous  walls,  as  was  formerly  supposed. 
In  some  cases  the  discharge  acts  as  an  irritant  to  the  meatus,  and 
causes  circumscribed  or  diffuse  inflammation,  or  even  leads  to 
ulceration  ;  the  floor  of  the  meatus  is  the  part  most  liable  to  be 
thus  affected.  In  long-standing  cases,  the  canal  ma}^  be  con- 
siderably reduced  in  size,  owing  to  the  swelling  of  the  soft  parts, 
and   to   chronic   periostitis.     Eczema   of  the   auricle   is   another 

*  Zur   JforpJiologie   der  Bacterlen   des    Okres   und  des  yasoi-Eachenraumes, 
Zurich,  1880. 
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somewhat  frequent  accompaniment  of  middle-ear  suppuration. 
The  eczematous  secretion  contains  various  forms  of  bacilli  and 
micrococci. 

The  Condition  of  the  Membrana  Tympani  is  the  next  subject  for 
investiii'ation.  As  a  preliminary  step  it  is  often  necessary  to  cleanse 
the  meatus,  either  l:)y  means  of  the  syringe  or  with  cotton-wool. 
Dark  crusts  sometimes  adhere  to  the  tympanic  membrane  and 
adjacent  parts  of  the  canal,  and  are  difficult  to  remove.  When  the 
discharge  is  scant}',  little,  if  any.  may  escape  into  the  meatus  ;  it 
adheres  to  the  edges  of  the  perforation,  and  a  small  opening  may 
be  thus  entirely  occluded. 

The  appearances  presented  by  the  tympanic  membrane  exhibit 
great  variations.  In  all  but  exceptional  cases,  an  aperture  exists 
in  this  structure,  so  that  the  meatus  communicates  with  the 
middle  ear.  The  opening  may  be  situated  in  almost  any  portion 
of  the  membrane,  but  the  anterior  inferior  quadrant  is  the  most 
common  site.  Xext  to  this  comes  the  posterior  inferior  quadrant, 
and  in  many  cases  both  these  quadrants  are  involved.  In  53  per 
cent,  of  all  cases,  the  perforation  is  either  confined  to  or  involves 
the  anterior  inferior  quadrant.  When  both  sides  are  affected,  the 
perforation  is  often  found  in  the  same  part  of  each  membrane,  and 
its  shape  is  often  similar  on  each  side.  Perforation  of  Shrapnell's 
membrane  takes  place  in  about  3 J  per  cent,  of  all  cases. 

The  Size  of  a  Perforation  is  also  liable  to  great  variations.  In 
some  cases,  the  aperture  is  no  larger  than  a  small  pin-hole  ;  in 
others,  the  gap  involves  almost  the  whole  of  the  membrane,  and 
any  degree  of  size  may  exist  between  these  extremes.  As  already 
stated,  the  greatest  destruction  results  from  scarlatina  and  diph- 
theria, and  from  the  effects  of  tubercular  ulceration  of  the  lining- 
membrane  of  the  tympanum.  A  narrow  border  generally  remains 
at  the  circumference,  and  a  like  strip  is  usually  connected  with 
the  handle  of  the  malleus.  In  very  severe  cases,  Shrapnell's 
membrane  is  also  involved,  and  the  upper  border  of  the  tym- 
panic ring,  with  the  adjacent  portion  of  the  osseous  meatus,  is 
the  seat  of  caries.  A  small  opening  is  sometimes  noticed  to 
increase  in  size  during  the  continuance  of  inflammation ;  and 
variations  in  measurement,  due  to  increase  or  diminution  of 
swelling,  are  not  infrequent.  Illustrations  of  various  forms  of 
perforation  will  be  found  in  the  next  chapter. 

The  Form  of  a  Perforation  is  in  most  cases  roundish — that  is, 
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comparatively  circular,  oval,  or  elliptical.  When  the  opening  is 
large  and  involves  the  lower  half  of  the  membrane,  the  projection 
of  the  handle  of  the  malleus  may  give  it  a  reniform  shape.  In 
large  perforations,  with  almost  total  destruction  of  the  membrane, 
only  a  wedge-like  piece  may  remain  over  the  same  process  of  bone, 
causing  the  opening  to  appear  somewhat  V-shaped  above.  In 
rare  instances,  the  opening  is  funnel-shaped,  with  the  wider  end 
directed  towards  the  tympanum.  Another  form  of  opening  is  a 
canal  running  obliquely  through  the  layers  of  the  membrane ;  and 
sometimes  the  coats  are  unequally  destroyed,  so  that  for  some 
distance  round  the  opening  the  membrane  has  an  uneven  appear- 
ance. Angular  and  slit-like  perforations  are  somewhat  rare  ;  but 
^^  hen  the  membrane  is  the  seat  of  chalky  deposits,  a  cleft  is  some- 
times noticed  at  the  margin  of  the  calcified  portion.  Occasionally 
a  minute  orifice  is  found  at  the  apex  of  a  prominent  part  of  the 
membrane,  and  when  this  peculiarity  occurs,  the  suppurative 
process  is  apt  to  be  of  a  very  obstinate  character. 

In  most  cases,  only  one  opening  exists  in  the  tympanic  mem- 
brane :  but  there  are  sometimes  two  or  even  more,  and  when  this 
is  the  case,  the  openings  var^'  in  size.  Perforations  sufi&ciently 
numerous  to  give  the  membrane  a  sieve-like  appearance  are  some- 
times found  in  cases  of  tuberculosis,  scarlatina,  diphtheria,  and 
pyeemia. 

The  Appearances  presented  by  the  remains  of  the  membrane 
vary  considerably  in  different  cases  and  in  different  stages  of 
the  same  case.  "While  the  discharge  continues,  the  membrane  is 
more  or  less  swollen  and  reddish,  or  decidedly  greyish  in  tint. 
owing  to  accumulation  of  epithelium  on  its  surface.  After  re- 
moval of  these  shreds,  the  appearance  of  the  membrane  may  be 
either  comparatively  normal  or  changed  in  various  ways,  e.g.., 
opaque,  yellowish-red  or  deep-red  in  colour.  Calcareous  deposits 
cause  greyish  or  ^^•hitish  spots,  between  which  a  reddish  hue  may 
predominate.  The  surface  may  be  either  smooth  or  uneven,  and 
covered  in  places  with  granulations.  These  latter  frequently 
encircle  the  perforation  and  occupy  its  margin ;  they  are  likewise 
apt  to  occur  near  the  periphery  of  the  membrane.  The  margin  of 
the  perforation  varies  in  appearance,  and  is  notably  influenced  by 
the  condition  of  the  discharge.  It  is  often  covered  up  by  secretion, 
and  appears  as  a  red  line  when  this  is  removed.  It  is  sometimes 
free   and  sometimes  in   contact  with  the  inner  wall  of  the  tvm- 
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panuni,  being  either  closely  adherent  or  connected  by  membranous 
bands.  In  later  stages,  the  margin  may  be  covered  with  cal- 
careous deposit  ;  the  occurrence  of  granulations  has  been  already 
referred  to. 

Some  portion  of  the  handle  of  the  malleus  is  often  connected 
with  the  remains  of  the  membrane,  and  its  position  is  considerably 
modified  when  the  perforation  is  large.  In  such  cases,  the  tensor 
tympani,  no  longer  opposed  by  the  tympanic  membrane,  draws 
inwards  the  remains  of  that  structure,  together  with  the  handle  of 
the  malleus,  which  may  indeed  be  placed  above  the  upper  portion 
of  the  periphery,  so  as  not  to  be  visible  from  the  meatus.  If.  on 
the  other  hand,  in  a  case  of  almost  total  destruction  of  the  mem- 
brane, the  handle  of  the  malleus  be  in  a  comparatively  normal 
position,  there  is  either  a  pathological  change  in  the  tensor 
tympani  or  some  abnormal  obstacle  to  the  action  of  the  muscle. 
Obstacles  of  this  character  are  caused  by  ankjdosis  or  rigidity  of 
the  malleo-incudal  articulation,  by  immobility  of  the  remains  of 
the  membrane  with  calcification  or  hypertrophy  of  its  tissue,  and 
by  tension  of  the  anterior  ligament  of  the  malleus  ^^•hich  antago- 
nises the  tensor  tympani  muscle.  Partial  destruction  of  the  handle 
of  the  malleus,  extending  wp  to  the  short  process,  is  not  uncommon, 
and  sometimes  the  long  leg  of  the  incus  and  its  articulation  with 
the  stapes  are  exposed  to  view. 

The  Mucous  Membrane  of  the  Tympanum,  as  seen  through  a 
large  opening,  varies  in  appearance  with  the  stage  of  the  disease. 
At  first  it  is  red  and  swollen,  and  more  or  less  covered  with 
exudation.  If  the  swelling  be  inconsiderable,  various  parts  of  the 
inner  wall  may  be  more  or  less  clearly  distinguished ;  under 
opposite  conditions,  all  that  can  be  seen  is  a  reddish  mass,  either 
smooth  or  covered  with  granulations  or  polypoid  growths.  Such 
excrescences  sometimes  project  through  the  opening  in  the  mem- 
brane. After  the  inflammation  has  subsided,  the  lining  of  the 
tympanum  becomes  either  yellowish-red  or  yello^\"ish-white :  it 
may  undergo  atrophy  and  resemble  cicatricial  tissue.  Calcareous 
deposits  are  not  uncommon  appearances.  Masses  of  inspissated 
secretion  and  detached  epithelium  often  project  below  the  upper 
border  of  a  large  perforation. 

Various  Portions  of  the  Inner  Wall  of  the  tympanum  and  of 
the  structures  contained  in  the  cavity  can  sometimes  be  dis- 
tinguished through  the  opening  in   the   membrane.     In  cases  of 
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large  and  central  perforations,  the  promontory,  with  numerous 
vessels  on  its  surface,  the  vertical  limb  of  the  incus  and  the 
depression  of  the  fenestra  rotunda,  are  more  or  less  distinctly 
seen.  When  the  opening  involves  the  posterior  superior  quad- 
rant, in  addition  to  the  limb  of  the  incus,  portions  of  the  stapes, 
and  sometimes  the  tendon  of  the  stapedius  muscle,  may  come  into 
vie^^^  AVhen  the  lower  half  of  the  membrane  is  absent,  the  cells 
in  the  floor  of  the  tympanic  cavity  may  become  exposed,  while 
anteriorly,  the  opening  into  the  osseous  portion  of  the  Eustachian 
tube  will  appear  as  a  dark  depression. 

Perforations  of  Shrapnell's  Membrane  have  been  already  noticed 
{see  page  393)  ;  some  of  their  peculiarities  require  a  more  minute 
description.  They  are  usually  indicative  of  chronic  suppuration, 
and  the  process  is  sometimes  confined  to  the  upper  part  of  the 
tympanic  cavity.  In  some  cases  in  ^^'hich  the  perforation  is  in  the 
lower  part  of  the  membrane,  the  morbid  process  has  begun  in 
the  spaces  near  the  roof  of  the  cavity ;  the  opening  is  caused  by 
the  secretion  which  passes  downwards.  These  spaces  may,  how- 
ever, be  subsequently  cut  off  from  the  rest  of  the  tympanum  by 
membranous  adhesions,  in  which  case  a  second  perforation  is 
likely  to  be  formed  in  Shrapnell's  membrane,  while  the  lower 
opening  becomes  closed.  The  anatomical  conditions  of  the 
'•attic'"  impede  the  escape  of  secretion;  the  fluid  portion  trickles 
away,  but  inspissated  matters  remain  behind,  and  the  morbid 
processes  are  thereby  prolonged.  Caries  of  the  adjacent  portions 
of  the  ossicles  and  bony  wall  is  often  superadded ;  granulations 
then  form  and  sometimes  project  through  the  perforation  into  the 
meatus.  In  severe  cases,  the  greater  part  of  the  malleus  and 
incus  is  destroyed,  a  large  gap  is  made  in  the  bone  above,  and 
the  process  may  likewise  extend  to  the  remainder  of  the 
membrane. 

Masses  of  epithelial  cells  and  debris  and  of  inspissated 
secretion  are  apt  to  accumulate  in  these  cases,  and  cholesteato- 
matous  deposits  are  thus  formed.  The  epithelial  cells  are  derived 
from  the  epidermis  of  the  external  meatus,  which  often  prolongs 
itself,  through  a  perforation,  into  the  tympanum.*  It  may, 
indeed,  extend  into  the  mastoid  cells.  The  epithelial  cells  form 
closely  packed  layers  around  a  central  mass  of  inspissated  secre- 
tion, and  these  deposits,  as  they  gradually  enlarge,  exercise 
*  Zeltschrift fur  Ohrenheilkwbde,  vol.  xx.  p.  15. 
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considerable   pressure   upon  the  osseous   walls.     Other  effects   of 
such  accumulations  will  be  described  in  a  subsequent  chapter. 

The  occurrence  of  suppuration  confined  to  the  "attic"  and 
Prussak's  space,  with  perforation  of  Shrapnell's  membrane,  has 
been  explained  in  various  ways.  The  view  that  the  process  is  of 
a  primary  character  is  opposed  by  some  on  the  ground  that  the 
action  of  micro-oro-anisms  passing  through  the  Eustachian  tube 
could  scarcely  be  confined  to  these  spaces  without  affecting  the 
lower  portion  of  the  tN^npanum.  Prof.  Walb*  thinks  that  there 
are  two  ways  of  accounting  for  suppuration  in  these  spaces.  In 
the  first  place,  during  middle-ear  suppuration,  with  the  tympanic 
membrane  strongly  indrawn  and  the  Eustachian  tube  closed,  the 
t'xudation  may  force  its  way  through  Shrapnell's  membrane. 
Secondly,  suppuration  may  be  confined  to  these  spaces,  as  a 
result  of  infection  propagated  from  the  external  meatus  through 
a  minute  opening  in  Shrapnell's  membrane.  Such  an  opening 
(the  foramen  of  Rivinus)  is  sometimes  congenital  ;  but  is  by  no 
means  invariably  present.  Schwartze  thinks  that  middle-ear 
inflammation  is  sometimes  due  to  the  passage  of  water  through 
this  opening  while  bathing.  Be  this  as  it  may,  there  is  no  doubt 
that  inflammatory  processes  in  the  external  ear  may  lead  to  par- 
tial destruction  of  Shrapnell's  membrane.  At  the  commencement, 
the  morbid  processes  in  the  '•  attic "  may  be  confined  to  the 
immediate  neighbourhood  of  the  perforation ;  granulations  may 
form,  or  the  upper  margin  of  the  bone  may  be  already  carious, 
while  the  ossicles  remain  intact. 

In  cases  of  chronic  suppuration,  confined  to  these  spaces, 
which  are  completely  separated  by  adhesions  from  the  remainder 
of  the  tympanum,  no  perforation-sound  is  heard  when  air  is 
injected  through  the  Eustachian  tube,  inasmuch  as  the  current  is 
prevented  from  reaching  the  opening.  Caries  of  the  ossicles  is 
often  superadded,  and  the  head  of  the  malleus  is  most  liable  to 
be  affected,  but  the  process  tends  to  spread  to  other  portions  of 
the  bone,  and  to  the  incus.  Closure  of  a  perforation  in  Shraj)- 
nell's  membrane  is  some^\■hat  uncommon ;  more  or  less  of  the 
"attic"  is  exposed  to  view,  and  in  course  of  time  is  seen  to  be 
covered  by  a  smooth,  shining,  pale  yellow  membrane,  almost  dry, 
and  coated  with  epidermis.  It  very  rarely  happens  that  this 
portion  of  the  membrane  is  entirely  destroyed,  but  when  such  is 
*  Schwartze's  llandhucli  dcr  OhrcnlieWmnde,  Bd.  II.  S.  1'68 
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the  case,  the  neck  and  head  of  the  malleus,  the  articulation  with 
the  incus,  and  a  portion  of  the  latter  bone  come  into  view.  The 
roof  of  the  tympanum,  and  posteriorly  the  beginning  of  the 
mastoid  antrum  are  also  visible. 

Perforations  in  Shrapnell's  membrane  may  occur  in  the 
anterior,  posterior,  or  central  portion.  When  in  front  they  are 
generally  connected  with  disease  of  the  naso-pharynx ;  when  pos- 
teriorly, they  are  usually  associated  ^vith  suppuration  in  the 
mastoid  cells,  and  are  far  less  amenable  to  treatment.  Central 
perforations  are  said  by  Dr.  Burnett  to  be  most  frequently  due  to 
affections  of  the  external  auditory  meatus ;  they  are  less  serious, 
inasmuch  as  they  improve  under  treatment,  and  are  not  attended 
with  much   impairment   of  hearing. 

The  importance  of  chronic  suppuration  in  the  upper  tympanic 
spaces  is  largely  due  to  the  dangers  attendant  upon  the  con- 
tinuance of  the  process,  which  may  extend  not  only  to  the  mastoid 
cells  but  also  to  the  membranes  and  brain.  A  very  thin  layer  of 
bone  separates  these  spaces  from  the  latter  structures,  and  cerebral 
abscess  is  a  not  infrequent  complication  of  suppurative  pro- 
cesses in  the  "attic''  and  Prussak's  space. 

The  Course  and  Results  of  chronic  middle-ear  suppuration  exhibit 
many  and  great  varieties  in  different  cases.  Not  infrequently  the 
suppuration  ceases,  the  appearances  of  inflammation  pass  away, 
and  the  perforation  either  remains  open  or  is  closed  b}'  a  cicatrix. 
Such  closure  may  take  place  soon  after  suppuration  has  ceased, 
or  not  until  many  months  have  elapsed.  The  hearing-power  may 
be  either  completely  restored,  or  remain  impaired  in  various 
degrees.  When  the  opening  is  persistent,  exacerbations  of  the 
process  in  the  tympanum  are  very  prone  to  occur,  as  a  result  of 
exposure  to  cold,  recurrent  catarrh  of  the  naso-pharjaix,  the 
passage  of  foreign  matters  and  even  of  cold  water  through  the 
perforation,   etc. 

The  course  of  the  complaint  is  influenced  by  the  general  con- 
dition of  the  patient,  the  existence  of  complications  in  the 
meatus,  mastoid  process,  and  osseous  walls  of  the  tympanum, 
and  the  state  of  the  nose  and  naso-pharynx.  The  course  is  also 
decidedly  affected  by  the  nature  of  the  constitutional  disorders 
{e.g.,  tuberculosis,  scarlet  fever,  and  diphtheria)  with  which  middle- 
ear  suppuration  is  often  associated. 

The  course  of   the   complaint  is  generally  tedious  when  the 
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tympanic  cavity  is  occupied  by  granulations  or  pol^'poid  growths, 
when  the  walls  or  ossicles  are  the  seat  of  caries  or  necrosis,  and 
when  abscesses  form  in  the  neighbourhood  of  the  ear.  Purulent 
exudation  may  find  its  way  through  the  petro-mastoid  and 
squamo-mastoid  sutures,  and  pass  between  the  cartilaginous  and 
osseous  portions  of  the  meatus  and  through  the  fissures  of  San- 
torini  towards  the  parotid  gland.  Pharyngeal  abscesses  are  rare 
complications ;  thev'  result  from  suppuration  in  the  Eustachian 
tube.  The  cartilaginous  portion  is  loosened  from  its  connection 
with  the  osseous  part,  and  the  pus  either  burrows  between  the 
structures  at  the  back  of  the  naso-pharynx,  or  passes  into  the 
tissues  of  the  soft  palate.  In  very  severe  cases,  the  two  portions 
of  the  tube  are  completely  separated,  and  the  pus  is  infiltrated 
into  the  side  of  the  neck  as  ^ye\\  as  bet^^'een  the  structures  of  the 
pharynx.  In  children,  pus  from  the  tympanum  may  find  its  way 
through  the  Glaserian  fissure  to  the  parotid  gland  and  adjacent 
structures. 

Another  serious  cause  of  complications,  tending  to  lengthen 
the  duration  of  the  disease,  consists  in  the  formation  of  adhesions 
between  the  membrane  and  various  structures  of  the  tympanic 
cavity.  The  parts  ma}^  be  closel}^  applied  to  each  other,  or  may  be 
connected  by  bands  or  fibrils  of  false  membrane.  More  or  less 
impairment  of  hearing  is  the  necessary  result,  and  the  cavity  is 
liable  to  be  divided  into  separate  spaces,  difficult  of  access,  and  in 
which  suppuration  may  be  prolonged  for  indefinite  periods. 

Complications  threatening  the  life  of  the  patient  may  arise  in 
the  course  of  chronic  middle-ear  suppuration.  They  result  either 
from  extension  of  morbid  processes  to  the  contents  of  the  cranium, 
or  from  the  constitutional  effects  of  the  local  disease.  Extensive 
caries  of  the  walls  of  the  tympanum  is  by  no  means  necessar}^  for 
their  development ;  they  may  rapidl}^  supervene  upon  conditions 
regarded  as  comparatively  mild  and  unimportant.  They  ^^'i]l 
be  fully  described  in  a  subsec[uent  chapter. 

Diagnosis. — The  existence  of  chronic  suppurative  inflammation 
of  the  tympanum  can  generally  be  ascertained  without  any  diffi- 
culty. There  is,  in  the  first  place,  a  chronic  purulent  discharge 
from  the  ear ;  and  secondly,  a  perforation  in  the  membrane.  The 
discharge  may,  however,  have  ceased,  in  which  case  a  perforation 
or  a  cicatrix  may  be  the  only  sign  of  the  previous  condition. 

The  diagnosis  of  a   perforation   is  effected   (1)  by  direct  in- 
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spection;  (2)  indirectly,  by  inflation  of  the  middle  ear;  by  injection 
of  fluids  through  the  Eustachian  tube ;  by  the  passage  of  water 
into   the  naso-pharvnx  after  injection  into  the  meatus. 

(1)  The  appearance  of  a  perforation,  as  seen  from  the  meatus, 
has  been  fully  described  {see  page  393).  If  the  membrane  be  drawn 
inwards  and  in  contact  with  the  wall  of  the  tympanum,  it  may  be 
necessary  to  force  it  outwards  in  order  to  detect  the  opening.  To 
eff*ect  this  purpose,  air  may  be  injected  into  the  tympanum 
through  the  Eustachian  catheter,  or  Siegle's  speculum  may  be 
used  to  rarefy  the  air  in  the  meatus.  Inflation  of  the  cavity 
serves  also  to  distinguish  cases  of  total  destruction  of  the  mem- 
brane from  instances  in  which  relaxation  of  its  tissue  allows  it  to 
be  drawn  inwards  and  closely  applied  to  the  inner  wall,  so  that 
the  mucous  lining  becomes  clearly  visible.  Very  small,  slit-like 
perforations  are  apt  to  be  overlooked  on  inspection  ;  thev  will, 
however,  be  detected  on  inflating  the  tympanum.  Inspection 
alone  may  also  be  insufficient  to  detect  a  perforation  situated  near 
the  periphery,  in  the  anterior  and  inferior  portion,  as  there  is 
often  a  bulging  out  of  the  external  auditory  canal  in  this  position. 
It  is  just  necessary  to  mention  that  minute  deposits  of  blackish 
cerumen  or  of  epithelial  debris  on  the  membrane,  and  dark 
atrophic  spots  and  cicatrices,  may  present  appearances  somewhat 
like  those  of  a  perforation.  A  careful  examination  after  syringing, 
and,  if  necessary,  inflation  of  the  middle  ear,  will  determine  the 
real  nature  of  the  case.  Greater  difficulty  will  arise  when  the 
field  of  view  is  occupied  by  an  uneven  granulating  siu^face.  which 
may  belong  either  to  the  tj-mpanum  or  to  the  membrane.  One  of 
the  methods  about  to  be  described  should  then  be  practised. 

(2)  Inflation  of  the  middle  ear,  either  by  the  aid  of  the 
Eustachian  catheter  or  by  Politzer's  method,  causes  a  whistling 
or  hissing  sound  as  the  air  passes  through  the  perforation. 
The  sound  is  most  distinct  when  the  opening  is  small,  and  may 
often  be  heard  even  ^^■ithout  the  use  of  the  auscultation  tube. 
It  is  much  less  distinct  ^^'hen  the  perforation  is  large  and  the  air 
-escapes  freely.  When  the  tympanic  cavity  contains  fluid,  bubbles 
will  be  formed  by  the  injected  air  and  a  corresponding  sound  will 
be  audible ;  on  inspection,  the  fluid  mingled  with  air  ^^•ill  be  seen 
to  come  through  the  opening.  If  the  fluid  be  removed,  and 
inflation  be  again  practised,  the  reappearance  of  secretion  will 
indicate  a  perforation.     Minute   air-bubbles  sometimes  appear  as 
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dark  glol)nle?i  in  the  deep  part  of  the  canal  when  the  tympanum 
is  inflated  :  these  are  certain  signs  that  an  opening  exists  in  the 
membrane.  Also,  if  the  meatus  be  filled  with  warm  water  before 
inflation,  the  existence  of  a  perforation  will  be  demonstrated 
by  the  bubbles  caused  by  the  air  escaping  through  the  fluid. 
In  some  jDatients  evidence  of  a  perforation  is  yielded  by  the 
passage  of  tobacco-smoke  from  the  throat  into  the  meatus, 
and  fluids  injected  into  the  latter  canal  sometimes  pass  into 
the  pharynx,  and  even  into  the  nose  when  the  head  is  thrown 
forwards. 

Another  sign  of  a  perforation  is  a  pulsating  movement  in  the 
secretion  collected  in  the  ear  ;  it  is  most  often  noticed  when  the 
opening  is  small.  The  pulsating  spots  strongly  reflect  the  light, 
and  the  movements  consist  in  a  rh}i:hmical  rising  and  falling  or 
in  lateral  vil)rations.  They  are  due  to  the  pulsations  of  the  small 
arteries  of  the  middle  ear  ;  the  mucous  membrane  and  the  secre- 
tion which  covers  it  rise  and  fall  alternately.  In  very  exceptional 
cases,  similar  movements  are  witnessed  with  an  imperforate 
membrane,  and  it  must  be  remembered  that  pulsation  is  some- 
times observable  in  a  deeply-seated  abscess  of  the  external 
meatus.  It  is  possible  that  the  pulsations  of  the  carotid  artery 
may  be  communicated  to  fluid  accumulations  within  the  tym- 
panum. 

Another  method  of  detecting  a  perforation  is  to  introduce 
a  manometer  into  the  meatus  and  then  to  inflate  the  tympanum ; 
the  fluid  suddenly  rises  in  the  instrument.  For  this  experi- 
ment to  be  successful,  the  Eustachian  tube  must  be  pervious 
to  air,  and  the  tympanum  must  be  free  from  adhesions  which 
would  obstruct  the  passage  of  the  current. 

Prognosis. — This  must  alwa^'S  be  guarded  in  cases  of  chronic 
middle-ear  suppuration ;  the  questions  to  be  considered  refer  to 
the  danger  to  life,  the  cessation  of  the  discharge,  and  the  improve- 
ment of  the  function  of  hearing.  With  regard  to  the  flrst  point, 
the  risk  of  cranial  complications  must  always  be  borne  in  mind, 
in  spite  of  the  fact  that  the  vast  majority  of  patients  suffering 
from  this  disease  never  present  any  serious  symptoms.  A  fatal 
result,  however,  may  supervene  when  quite  unexpected,  and  in 
an  apparently  simple  case,  with  a  history  of  otorrhoea  of  long 
duration.  Under  the  influence  of  some  external  cause — e.g., 
exposure  to    cold,   a   blow   on    the    head,   or    an  attack  of  naso- 
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pharyngeal  catarrh — tlie  process  may  suddenly  become  acute,  and 
severe  pain  in  the  head,  rigors,  fever,  delirium,  convulsions,  and 
coma  indicate  the  course  the  disease  has  taken. 

With  regard  to  the  cessation  of  the  discharge,  the  prospect 
is  generally  favourable  in  persons  otherwise  healthy,  when  the 
perforation  is  small  and  situated  in  the  lower  part  of  the 
membrane,  when  the  naso-pharynx  is  not  seriously  diseased,  and 
the  Eustachian  tube  is  patent.  On  the  other  hand,  the  prognosis 
is  unfavourable  when  the  discharge  has  continued  for  a  long 
time,  and  when  such  local  changes  exist  in  the  tympanum  as 
granulations,  polypoid  growths,  caries,  or  necrosis  of  the  osseous 
walls.  Abscesses  in  adjacent  parts  are  serious  complications. 
An  obstinate  form  of  the  disease  and  a  chronic  course  may  be 
•expected  when  a  small  perforation  exists  in  Shrapnell's  membrane, 
and  when  the  upper  part  of  the  tympanum  is  mainly  involved 
in  the  suppuration.  The  prognosis  is  decidedly  unfavourable  in 
cases  resulting  from  scarlet  fever,  diphtheria,  tuberculosis,  and 
syphilis.  Stricture  of  the  Eustachian  tube  impairs  the  prospect 
of  recovery,  and  thickenings  or  exostoses  in  the  external  meatus 
not  only  prevent  the  escape  of  secretion,  but  constitute  serious 
■obstacles  to  proper  treatment. 

The  prognosis  as  to  improvement  in  the  hearing-power 
depends  upon  various  considerations.  It  is  favourable  when 
the  impairment  of  function  is  comparatively  slight,  when  ad- 
hesions are  absent,  and  improvement  is  noticed  after  cleansing 
the  part  and  using  the  air-douche,  and  when  the  tympanic 
mucous  membrane  gradually  regains  its  normal  appearance.  In 
some  cases  hearing-power  is  lessened  with  the  cessation  of  the 
discharge  ;  in  others,  a  favourable  result  is  witnessed,  and  'even 
when  the  perforation  is  extensive.  Improvement  is  likely  to 
follow  the  removal  of  polypi  and  granulations,  blocking  up  an 
opening  in  the  membrane.  The  closure  of  a  perforation  by  a 
•cicatrix  is  not  necessarily  accompanied  by  improvement  of  hear- 
ing-power ;  if  the  newly-formed  tissue  be  either  very  elastic  or 
ver}^  rigid,  the  hearing-power  may  be  less  than  before.  The 
prognosis  is -unfavourable  when  the  loss  of  function  is  consider- 
able, when  bone-conduction  is  lessened,  and  subjective  symptoms 
continue  troublesome.  Under  these  circumstances,  disorder  of  the 
labyrinth  may  be  inferred  to  exist.  Kigidity  of  the  fenestrse  and 
of  the  joints  of  the  ossicles  is  another  probable  condition,  tending 
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btill  further  to  impede  the   conduction  of  sound  and  to  increase 
the  pressure  upon  the  labyrinth. 

Treatment. — A'arious  measures  are  recjuired  for  the  satis- 
factory treatment  of  chronic  middle-ear  suppuration,  the  choice 
being  determined  by  the  nature  of  the  symptoms  and  appearances. 
The  first  point  to  be  attended  to  is  the  thorough  removal  of 
accumulated  secretion  and  debris,  ^^'hich  tend  to  promote  suppura- 
tion and  prevent  the  direct  application  of  remedies  to  the  diseased 
tissues.  Tlie  middle  ear  may  be  cleansed  in  several  ways.  (1) 
Syringing  through  the  external  meatus  in  the  ordinary  way.  or  by 
the  aid  of  a  tube  introduced  through  the  perforation.  (2)  Infla- 
tion of  the  middle  ear  either  by  Politzer's  method  or  b}'  means  of 
the  Eustachian  catheter,  and  in  some  cases  by  the  injection  of  fluid 
remedies  through  the  latter  instrument.  (3)  Aspiration,  with 
Siegle's  pneumatic  speculum.  (4)  Condensation  of  the  air  in  the 
meatus.     (5)  Dry  cleansing,  by  means  of  absorbent  cotton-wool. 

(1)  The  Syringe  is  used  in  the  ordinar}^  way,  but  especial  care 
is  necessary  in  making  the  first  few  injections.  A'ery  slight  force 
must  be  employed,  and  if  giddiness  or  pain  be  caused,  the  injec- 
tions must  be  discontinued.  When  the  discharo-e  is  free  from 
odour,  pure  warm  water  will  suffice,  from  eight  to  twelve  ounces 
being  used  at  each  sitting,  and  the  injections  being  repeated 
according  to  the  amount  of  secretion.  If  the  latter  be  very 
abundant,  the  ear  should  be  thus  cleansed  three  or  four  times 
daily.  A  little  common  salt  or  sodium  sulphate  (5  per  cent.)  may 
be  dissolved  in  the  water  with  advantage.  Whenever  the  secretion 
is  offensive,  disinfectants  or  deodorants  should  be  added  to  the 
fluid,  and  of  these  the  most  generally  efficacious  is  carbolic  acid 
(1 — 2  per  cent.).  Other  disinfectants  useful  in  the  same  class  of 
cases  are  :  permanganate,  of  potassium  (a  5  per  cent,  solution)  ; 
boric  acid  (4  per  cent.)  ;  salicylic  acid  (3j.  of  a  10  per  cent,  alco- 
holic solution  to  §xij.  Aq.).  and  j^erchloride  of  mercury  (1 — 2: 
1.000).  This  last  must  be  used  with  care,  owing  to  the  risk 
attendant  upon  its  passage  into  the  pharynx.  Politzer  states  that 
when  the  discharge  is  profuse,  obstinate,  and  blennorrlutic  in 
character,  very  good  results  may  be  obtained  by  adding  four  or  five 
drops  of  oil  of  turpentine  to  the  eight  ounces  of  water  used  for 
injection.     Dr.  Rohrer*  strongly  recommends  a  10  per  cent,  solu- 

*  Lehrhitch  der  OhrenheWlnuide,  S.  141,     See  also  a  paper  by  Dr.  Dayton,  of 
N6w  York,  Afchtves  of  Otolngij,  vol    xiv.  p.  fi. 
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tioii  of  ])('i'()xi(U'  of  liydroiivii  as  an  antiseptic.  Before  using  it.  the 
nicatii.;  is  to  1)("  tlioroiiglil}'  cleansed  and  (Jried  witli  absorbent  wool. 
The  })atient"s  head,  with  the  affected  side  uppermost,  is  then  made 
to  rest  on  a  ])illow,  and  the  solution  is  poured  into  the  ear  and 
allowed  to  remain  for  a  few  minutes.  It  is  then  removed  and 
more  fluid  is  poured  i:i  :  this  process  is  repeated  until  the  solution 
when  withdrawn  appears  clear.  The  meatus  is  tluMi  dried  and 
plugged   with   cotton-wool. 

Removal  of  accumulated  secretion  from  the  mastoid  cells  is 
attended  with  great  difficult}'.  If  there  be  reason  to  suspect  that 
these  parts  are  filled  with  inspissated  matter,  warm  water  should 
be  poured  into  the  ear  while  the  patient  is  lying  on  his  side,  with 
his  head  on  a  pillow,  and  his  face  directed  upwards.  When  the 
head  is  in  this  position  the  fluid  tends  to  pass  to\A'ards  the  mastoid 
cells  and  to  soften  the  inspissated  contents.  After  this  method  has 
been  practised  several  times,  foetid  caseous  masses  will  sometimes 
come  away  with  the  water  used  for  syringing ;  and  in  all  cases, 
after  the  ear  has  been  cleansed  by  means  of  fluid  applications,  the 
head  should  be  inclined  to  that  side,  and  the  meatus  thoroughly 
dried  with  pieces  of  absorbent  cotton-wool  attached  to  a  cotton 
holder,  or  introduced  with  suitable  forceps. 

If  the  perforation  be  very  small,  syringing  in  the  ordinary  way 
will  produce  little,  if  any.  effect  upon  accumulated  masses  of  secre- 
tion, especially  if  these  be  situated  in  the  upper  part  of  the 
tjmipanic  cavity,  or  in  the  mastoid  cells.  For  such  cases  it  is 
necessary  to  employ  a  tympanic  tube  ^^'hich  directs  the  stream  at 
a  rio'ht  ano-le  to  the  meatus.  Before  usino-  the  irrio-ator.  the 
meatus  should  be  thoroughly  cleansed  by  syringing,  and  it  is  well 
afterwards  to  render  the  membrana  tympani  and  neighbouring- 
parts  less  sensitive  by  the  instillation  of  a  few  drops  of  a  warm 
10 — 20  per  cent,  solution  of  cocaine.  The  instrument*  which  I 
use  (Fig.  98)  consists  of  a  tapering  silver  tube  seven  and  a-half 
inches  long,  with  a  small  aperture  in  its  side  close  to  the  extremity 
of  its  lesser  end.  The  larger  end  is  connected  by  a  piece  of  india- 
rubber  tubing  with  a  pipe  which  passes  through  a  hole  in  the  cork, 
almost  to  the  bottom  of  the  liottle  which  holds  the  solution  to  be 
injected.  Through  another  hole  in  the  cork  passes  a  pipe,  one  end 
of  which  is  above  the  fluid  in  the  bottle,  and  connected  to  its  other 

*  The  instrument  may  be  obtained  from  Messrs.  Mayer  &  Meltzer,  71,  Great 
Portland  Street,  Londor,  W. 
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end  is  a  piece  of  india-rubber  tubing  fitted  with  a  mouth-piece. 
AVith  this  appai-atus,  the  attic  and  entire  cavity  of  the  tympanum 
can  be  irrigated,  and  the  force  of  the  stream  regulated  by  the 
expiratory  effort  employed.  Most  of  the  tympanic  syringes 
hitherto  in  use  are  too  large  to  pass  through  a  small  perforation, 
and  they  require  an  assistant  to  work  them,  as  the  surgeon's 
hands  are  occupied  in  holding  the  syringe  and  keeping  the 
speculum    in    its    proper   position. 

In  order  to  introduce  the  irrigator,  the  ear  is  illuminated  with 
the  forehead-mirror,  and  a  speculum  is  passed  into  the  meatus  and 
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[kept  in  position  with  the  left  hand.     The  tul)e,  taken  in  the  right 
land,  is  passed   carefully  through   the   perforation,  and  kept  in 
[position  by  resting  the  hand  against  the  patient's  head.     Whilst 
'the  water  or  solution  is  being  injected  the  tube   is   turned  from 
itime  to  time,  so  as  to  direct  the  current  towards  various  parts  of 
the  cavity.     If  no  uncomfortable  sensations  be  produced,  the  irri- 
gation is  to  be  continued  as  long  as  any  fragments  of  inspissated 
secretion  come  awa}^     As  a  matter  of  course,  the  greatest  care  and 
gentleness  are  requisite  in  carrying  out  this  treatment.     The  fluid 
should  be  injected  very  gently  at  first,  and  the  force  should  then 
be  gradually  increased.     Plain   water  may  be   employed   in  this 
manner  ;  but  the  addition   of   bicarbonate  of   sodium  (gr.  iv.  to 
gj.)  will  increase  its  efficacy. 

(2)  Inflation  of  the  Middle  Ear,  by  Politzer's  method,  has  the 
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effect  of"  forciiiii'  out  fluid  secretion  from  the  tympanum  into  the 
external  meatus,  and  is  of  much  value  as  a  means  of  treatment  in 
conjunction  with  syrinoino-.  The  meatus  should  first  be  syringed, 
and  then  a  Politzer's  inflation  given,  after  which  some  of  the  pus 
which  was  in  the  tympanum  will  be  found  forced  out  of  that 
cavity.  The  ear  should  then  be  again  syringed  and  another 
Politzer's  inflation  given,  and  these  processes  repeated  alternately 
until  the  Mater  which  flows  from  the  meatus  is  free  from  pus 
or  mucus.  The  Eustachian  catheter  must  be  substituted  for 
Politzer's  method  \\'hen  the  tube  is  blocked  up  by  swelling  and 
secretion,  and  when  the  cavity  is  filled  with  granulations  and 
exudation  products.  Under  such  circumstances,  the  direct  current 
of  air  is  more  efflcacious  than  Politzer's  method. 

The  Eustachian  catheter  may  also  be  used  for  the  injection  of 
fluids  into  the  middle  ear.  A  large  catheter  should  be  selected, 
and  its  beak  should  be  inserted  as  far  as  possible  into  the 
pharyngeal  oriflce.  The  fluid  is  injected  by  means  of  a  syringe, 
the  nozzle  of  which  fits  into  the  outer  extremity  of  the  catheter. 
Weak  solutions  of  common  salt  (|  per  cent.)  or  of  boric  acid 
(3  per  cent.)  are  suitable  for  this  purpose.  The  air-douche  should 
be  employed  both  before  and  after  the  injection  of  fluids.  Air 
passing  through  the  Eustachian  tube  acts  especially  upon  the 
anterior  part  of  the  tympanic  cavity  ;  but  has  little  influence  upon 
secretion  contained  in  the  posterior  recesses  and  in  the  mastoid  cells. 
To  cleanse  these  latter  parts.  Politzer's  method  requires  to  be  sup- 
plemented by  the  use  of  the  tympanic  irrigator  as  above  described. 

AVhen  the  perforation  is  very  small,  thorough  cleansing  of  the 
cavity  by  any  of  these  methods  may  be  found  impossible,  and  it 
will  then  be  necessary  to  enlarge  the  perforation  or  to  make  a 
second  opening.  An  incision  is  likewise  indicated  when  the 
perforation  becomes  prematurely  closed,  in  which  case  symptoms 
due  to  the  retention  of  the  discharge  are  apt  to  supervene.  A 
slight  enlargement  of  the  opening  will  enable  a  tube  to  be 
introduced  and  facilitate  the  escape  of  secretion. 

The  operation  is  easily  performed  with  the  paracentesis  needle. 
The  incision  should  not  exceed  an  eighth  of  an  inch  in  length,  and 
should  be  carried  through  any  projecting  portion  of  the  membrane. 
A  few  drops  of  a  warm  20  per  cent,  solution  of  cocaine  should  be 
previously  instilled  into  the  meatus,  and  allowed  to  remain  there 
for  several  minutes.     (See  page  139.) 
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It  is  sometimes  desirable  to  make  a  second  opening  in  the  tym- 
panic membrane  ;  the  indications  for  this  operation  are  as  follows  : — 

(i.)  In  cases  of  perforation  of  Shrapnell's  membrane,  when  there 
are  signs  of  accumulation  of  secretion  on  the  Hoor  of  the  tym- 
panum, the  lower  part  of  the  membrane  being  yellowish,  and 
bulo-ed  out. 

(ii.)  When  the  same  appearances  are  noticed  in  any  other 
portion  of  the  membrane,  at  a  distance  from  the  perforation,  and 
are  accompanied  by  oft-recurring  severe  pain,  and  symptoms  of 
constitutional  disturbance.  A  second  opening  not  only  facilitates 
the  escape  of  secretion,  but  it  permits  the  introduction  of  tubes 
through  which  fluids  can  be  injected  into  the  cavity.  Warm 
alcoholic  solutions  of  boric  acid  and  perchloride  of  mercury  may 
be  used  in  this  manner,  and  Politzer  states  that  very  good  effects 
may  be  obtained  from  a  watery  solution  of  the  latter  drug 
(1  :  1000)  in  cases  in  which  the  alcohol  sets  up  irritation. 

A  much  more  severe  kind  of  operation  is  recommended  for 
cases  in  which  the  tympanum  is  broken  up  into  several  irregular 
spaces  by  polypous  growths,  and  remedies  fail  to  influence  the 
course  of  the  suppuration.  The  best  plan  to  be  pursued  is  to 
remove  the  remains  of  the  membrane,  together  with  the  malleus 
and  incus,  thus  converting  the  tympanum  into  a  cavity  with 
smooth  walls,  ^^•hen  the  suppuration  can  be  more  easily  dealt 
with.  Repeated  removals  of  portions  of  the  membrane  are 
necessar}^,  in  consequence  of  the  tendency  to  new  growth. 
Politzer  recommends  this  operation  in  cases  in  which  the 
remains  of  the  perforated  membrane  are  covered  with  polypous 
excrescences,  and  separated  above,  while  the  malleus  is  partly 
detached  and  very  movable,  rough  and  separated  from  the  incus. 
Besides  taking  away  the  remains  of  the  membrane,  it  is  necessary 
to  divide  the  tensor  tendon,  and  to  cut  through  the  long  process 
of  the  incus. 

When  obstinate  suppuration  is  connected  with  caries  of  the 
head  of  the  malleus,  Schwartze  recommends  excision  of  the 
remains  of  the  membrane  and  bone.  The  effect  upon  the  sup- 
puration is  generally  favourable  ;  but  the  hearing-power  is  not 
much  improved.  Removal  of  the  remainder  of  the  membrane 
has  been  proposed  in  cases  of  perforation  of  Shrapnell's  mem- 
brane, attended  with  very  obstinate  suppuration  ;  but  such 
cases  can  generally  be  cured  by  antiseptic  injections  introduced 
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through  a  suitable  tube,  as  before  described,  with,  if  necessary, 
enlargement  of  the  opening  in  an  upward  direction,  and  the 
removal  of  granulations  and  masses  of  epidermis.  For  both  these 
latter  operations  a  general  anaesthetic  is  required. 

(3)  Siegle's  Pneumatic  Speculum  may  be  used  to  withdraw 
purulent  secretion  from  the  tympanum  in  cases  in  which  the 
Eustachian  tube  is  impermeable,  and  when  the  recesses  of  the 
cavity  are  filled  with  fluids  which  are  not  removed  by  any  of 
the  means  above  described. 

(4)  Condensation  of  Air  in  the  Meatus. — This  is  effected  by 
means  of  Lucae's  apparatus,  which  consists  of  an  india-rubber  bag, 
furnished  with  an  olive-shaped  nozzle,  which  is  inserted  into  the 
meatus.  When  the  bag  is  compressed,  the  air  is  driven  through 
the  perforation  into  the  tympanum  and  thence  into  the  Eustachian 
tube,  carrying  with  it  more  or  less  fluid  secretion.  The  current 
acts  upon  the  anterior  portion  of  the  cavity  and  the  tube.  This 
plan  of  removing  the  secretion  has  been  principally  used  for 
children,  but  it  sometimes  causes  giddiness,  and  may  be  followed 
by  more  serious  consequences. 

Although  this  method  has  been  often  employed  it  cannot  be 
recommended,  as,  even  with  the  greatest  care,  mischief  is  liable  to 
result  from  its  use.  Moreover,  not  only  does  it  possess  no 
advantage  over  other  means  of  removing  discharge  from  the 
tympanum,  but  it  entails  the  positive  disadvantage  of  forcing  pus 
into  the  patient's  throat  instead  of  effecting  its  complete  removal. 
Unless  the  perforation  in  the  membrana  tympani  is  small,  the 
inlet  to  the  tympanum  is  obviously  greater  than  the  outlet,  and. 
as  the  meatus  is  plugged  by  the  nozzle  of  the  syringe,  the  fluid 
which  cannot  escape  by  the  Eustachian  tube  is  forced  into  the 
mastoid  cells  and  attic,  and  by  this  means  the  mischief  which 
already  exists  may  be  increased. 

(5)  Cotton-Wool. — Cleansing  may  to  some  extent  be  performed  by 
means  of  absorbent  cotton-wool,  introduced  on  a  holder  or  probe,  or 
by  means  of  suitable  forceps  (Fig.  99).  This  method  is  applicable  to 
cases  in  which  unpleasant  symptoms  are  produced  by  syringing, 
and  when  the  discharge  is  scanty  and  not  offensive.  It  is 
insufficient  for  a  thorough  cleansing  of  the  middle  ear,  and 
fails  of  course  to  effect  the  removal  of  inspissated  matter  from 
the  recesses  of  the  cavity.  Cleansing  with  cotton-wool  is 
especially  useful  as  a  supplement  to  fluid  injections. 
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Antiseptic  and  Astringent  Applications. — The  methods  ahove 
described  are  se'ldoin  sufheient  to  elieek  the  suppuration,  and  to 
induce  a  liealtliy  condition  of  the  tympanic  mucous  membrane. 
In  most  cases  it  is  necessary  to  have  recourse  to  remedies 
possessing  antiseptic  and  astringent  properties.  Dr.  Rohrer  has 
shown  tliat  the  foetid  character  of  the  discharges  in  middle-ear 
suppuration  is  probably  due  to  the  presence  of  certain  forms  of 
bacteria,  and  there  is  therefore  a  rational  basis  for  the  use  of 
antiseptics.  Owing,  however,  to  the  position  and  the  peculiarly 
complicated  structure  of  the  middle  ear,  it  is  impossible  to  apply 
antiseptics  to  every  portion  of  it.  Still,  experience  shows  that  the 
best  results  are  obtained  from  the  use  of  remedies  of  that  cha- 
racter,   and   especially   from    boric   acid,   which   was   first   recom- 
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mended  by  Dr.  Bezold,*  of  Munich,  in  1879.  It  may  be 
employed  either  in  solution,  or  as  a  line  powder,  the  latter  being 
the  more  efficacious.  It  is  applied  in  the  following  manner  : — 
The  meatus  and  tympanum  are  cleansed  from  secretion  by 
syringing  with  warm  water,  and  inflating  by  Politzer's  method 
alternately  as  previously  described  (page  406),  and  then  carefully 
•dried  by  means  of  absorbent  cotton-wool.  The  boric  acid, 
reduced  to  a  yery  fine  powder,  is  then  blown  into  the  meatus,  by 
means  of  an  insufflator  (Fig.  79,  p.  254),  or  with  a  glass  tube  or 

)ortion  of  a  quill,  and  a  plug  of  cotton-wool  is  finally  introduced 
pnto  the  meatus.     I  have  long  discarded  the  wool-holders  in  general 

ise,  which  are  roughened  in  order  to  allow  the  wool  to  be  more 
iirmly  attached.     This  roughening  is  unnecessar3^  and.  moreover, 

*  For  an  account  of  Bezold's  more  recent  experience  of  this  treatment,  see 
Wchives  of  Otology,  vol.  xvii.  p.  77. 
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possesses  the  disadvantage  of  preventing  the  wool,  when  done- 
with,  from  being  easily  removed.  I  employ  a  plain  straight 
piece  of  silver  wire  about  five  inches  long,  and  attach  the  wool  in 
the  following  manner  after  it  has  been  teased  out.  First  place 
the  end  of  the  probe  about  the  longitudinal  centre  of  the  piece 
of  wool,  then  hold  the  proximal  end  of  the  wool  to  the  probe 
with  the  right  hand,  whilst  the  probe  is  being  twisted,  and  the 
wool  pressed  against  the  probe  between  the  finger  and  thumb  of 
the  left  hand.  It  will  then  be  found  to  be  firmh'  attached  to  the 
probe,  and  yet  can  be  readily  slipped  off.  The  object  of  placing 
the  end  of  the  probe  in  the  longitudinal  centre  of  the  wool  is  to 
ensure  the  distal  half  of  the  wool  being  soft  by  not  being  sup- 
ported by  the  probe  in  its  centre. 

The  frequency  ^ith  which  the  powder  should  be  used  depends 
upon  the  amount  of  the  discharge.  If  the  latter  be  copious,  the 
application  must  be  repeated  four  or  five  times  daily.  Improve- 
ment is  indicated  by  the  lessening  of  the  secretion,  and  ^hen  this 
is  the  case,  a  repetition  of  the  treatment  ever}"  second,  third,  or 
fourth  day  may  be  all  that  is  necessary.  In  favourable  cases, 
the  discharge  ceases  after  a  few  applications ;  but  as  a  general 
rule  the  treatment  has  to  be  continued  for  several  weeks,  or  even 
for  some  months.  The  deodorant  and  antiseptic  effects  of  the 
powder  are  increased  by  the  addition  of  carbolic  acid  (one  drop 
to  15  grains),  and  when  the  discharge  consists  of  stringy  mucus, 
the  addition  of  a  few  drops  of  oil  of  turpentine  will  prove  advan- 
tageous (Politzer).  Powdered  boric  acid  occasionally  causes 
irritation,  in  which  case  a  warm  saturated  solution  should  be 
poured  into  the  ear  several  times  a  day.  and  allowed  to  remain 
there  for  several  minutes. 

While  this  treatment  is  being  carried  out.  the  secretion  should 
be  frequently  examined  by  the  microscope,  in  order  to  discover 
whether  any  effect  is  being  produced  upon  the  development  of 
micro-organisms.  There  is  reason  to  believe  that  the  presence  of 
bacteria  is  the  cause  of  the  extension  of  the  morl)id  process  to 
the  osseous  walls  and  intracranial  structures,  and  that  antiseptic 
treatment  is  the  best  means  of  preventing  such  complications. 
If  no  decided  improvement  take  place  after  the  boric  acid  powder 
has  been  used  for  some  weeks,  a  solution  of  the  same  drug  in 
alcohol  and  water  (Acid.  Boric.  3iiss. ;  Sp.  Yin.  Rect.,  Aq.  Destill. 
aa.  §j.),  as  recommended  by  Lowenberg,  will  sometimes  produce 
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a  good  effect.  Lchvenberg's  opinion*  is  to  the  effect  that  this 
solution  often  proves  more  efficacious  than  the  powder,  inasmuch 
as  it  comes  into  contact  with  the  whole  expanse  of  the  mucous 
membrane,  whereas  the  powder  fails  to  reach  the  man}'  recesses  of 
the  cavity.  If  granulations  or  polypi  exist  in  the  tympanum  or 
meatus,  they  must  first  be  attended  to  in  the  manner  to  be 
shortly  described.  There  are  some  cases  in  which  the  application 
of  boric  acid  seems  to  have  little,  if  any  effect,  in  checking  the 
suppuration.  (1)  In  tubercular  disease,  in  which  it  may  be 
presumed  that  the  boric  acid  fails  to  prevent  the  development  of 
the  bacilli.  (2)  When  the  perforation  is  very  minute  :  in  such  a 
case  it  is  desirable  slightly  to  enlarge  the  opening.  (3)  When 
the  perforation  is  situated  in  ShrapnelTs  membrane,  a  saturated 
solution,  introduced  through  the  intra-tympanic  tube,  is  likely  to 
prove  more  efficacious  than  the  powder,  (4)  The  existence  of 
carious  or  necrotic  fragments  of  bone  will  maintain  the  su])pura- 
tion.  and  neutralise  the  effects  of  the  boric  acid. 

Other  antiseptic  remedies  may  be  substituted  if  the  treatment 
by  boric  acid  prove  unsuccessful.  Carholic  acid  ma}'  he  nised  in 
various  forms,  ej/..  1  :  10  of  glycerine  or  olive  oil.  of  which  a  few 
drops  may  be  placed  in  the  ear.  If  pain  be  caused,  a  weaker 
solution  should  be  tried,  e.(j..  1  :  15  of  rectified  spirit,  and  a  like 
quantity  of  water:  15 — 20  drops  to  be  warmed  and  instilled  into 
the  ear.  Much  irritation  is,  however,  sometimes  caused  b}' 
carbolic  acid.  Iodoform  is  much  employed  by  some  surgeons, 
and  is  very  highly  spoken  of  by  Dr.  Barr.  of  Glasgow.  He 
recommends  that  half  a  drachm  be  added  to  an  ounce  of  spirit 
of  wine,  in  which  it  is  2:)artly  dissolved  and  partly  suspended. 
After  the  mixture  has  been  well  shaken,  fifteen  drops  are  poured 
into  the  ear,  and  allowed  to  remain  for  fifteen  minutes,  after 
which  the  ear  is  dried  with  cotton-wool.  Some  of  the  spirit 
evaporates,  and  leaves  a  coating  of  iodoform  on  the  diseased 
surface.  Dr.  Barr  states  that  a  few  applications  of  this  remedy- 
have  cured  cases  in  which  other  treatment,  persevered  with  for 
a  whole  year,  had  proved  useless.  It  is  especially  suita1)le  for 
cases  of  perforation  of  Shrapnell's  membrane,  and  is  most 
thoroughly  applied  by  means  of  the  tympanic  tube.  The 
disagreeable  odour  of  the  drug  may  be  masked  by  the  addition 
of  a  little  tincture  of  Tonquin  beans  to  the  s])irituous  solution. 
*  Quoted  by  Knapp,  Art  hires  of  Otolngij,  vol.  xi.  p.  223. 
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or  of  one  grain  of  coumarin  to  fifty  of  the  powdered  iodoform. 
The  objection  to  this  treatment,  if  long  continued,  is  that  the 
iodoform  is  liable  to  collect  in  the  recesses  of  the  tympanum,  and 
remain  there,  as  it  is  only  sparingly  soluble  in  water,  and  there- 
fore does  not  become  dissolved  and  absorbed,  lodol  is  another 
remedy  of  the  same  class ;  Politzer  states  that  he  has  obtained 
very  good  results  from  an  alcoholic  solution  (1  :  20).  Salict/lic 
acid  is  recommended  by  Burckhardt-Merian ;  it  may  be  used 
•either  in  an  alcoholic  (2 — 5  per  cent.)  or  an  aqueous  solution 
(1  :  200).  More  or  less  irritation  is  apt  to  ensue  when  a  strong 
solution  is  employed.  A  combination  of  salicylic  and  boric  acids 
(1  to  10 — 15)  is  sometimes  more  efficacious  than  either  used 
separately.  PercJdoride  of  mercury  is  another  valuable  antiseptic 
remedy  and  powerful  germicide.  It  may  be  used  in  an  aqueous 
solution  (1  :  1000),  of  which  15 — 20  drops  are  to  be  instilled 
into  the  ear.  A  solution  of  similar  strength,  but  made  with 
equal  parts  of  water  and  rectified  spirit,  is  generally  more  effica- 
"Cious,  but  it  is  apt  to  cause  irritation.  If  no  improvement  be 
noticed  after  a  fortnight's  use  of  the  perchloride,  some  other  form 
of  treatment  should  be  adopted,  and  the  same  rule  holds  good 
with  regard  to  the  other  remedies  previously  mentioned.  It  is 
necessary  to  be  provided  with  a  somewhat  long  list  of  remedial 
measures,  inasmuch  as  the  treatment  which  has  proved  successful 
in  one  case  may  be  found  almost  useless  in  another.  Rohrer 
strongly  recommends  a  10  per  cent,  solution  of  peroxide  of 
hydroffeii  to  be  poured  into  the  ear,  and  allowed  to  remain  for 
some  minutes.  Dr.  Brandeis,*  of  New  York,  states  that  he  has 
found  instillations  of  horoglijceride  (a  10 — 50  per  cent,  solution) 
very  useful  in  cases  of  otorrhoea.  While  the  fluid  is  still  in  the 
meatus,  he  inflates  the  tympanum  through  the  catheter,  so  that 
the  air  passes  through  the  column  of  fluid.  To  complete  the 
list  of  antiseptics  used  and  recommended  for  the  treatment  of 
chronic  middle-ear  suppuration,  it  is  necessary  to  mention  resorcin 
(a  4  per  cent,  spirituous  or  aqueous  solution)  :  thymol  (1  :  100)  ; 
finely  powdered  (doubh^  sublimed)  calomel  by  insufflation  ;t 
borax  in  solution,  either  alone  or  combined  with  5  per  cent,  of 
salicylic  acid  ;  and  permanganate  of  potassium  (4  :  1000). 

If  treatment   by  boric   acid   and   and   other  antiseptics  prove 

*  Archives  of  Otology,  vol.  xiii.  p.  16. 

t  See  a  paper  by  Dr.  Gottstein,  of  Breslau,  ArcJiires  of  Otologi/,  vol.  xiii.  p.  284. 
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unavailing,  other  remedies  must  be  tried.  Caustics  are  often 
useful  in  obstinate  cases,  with  extensive  destruction  of  the  tym- 
panic membrane,  muco-purulent  secretion,  and  relaxation  and 
swelling  of  the  mucous  lining.  Chromic  acid  in  solution  (5  to 
15  grains  to  the  ounce)  is  very  useful ;  or  a  strong  solution  of 
nitrate  of  silver  (20  to  60  grains  to  the  ounce)  may  be  employed 
instead :  but  the  latter  must  be  used  with  certain  precautions. 
The  meatus  in  both  cases  must  first  be  cleansed,  and  thoroughly 
dried.  When  nitrate  of  silver  is  used  it  is  well  to  have  a  warm 
weak  solution  of  common  salt  at  hand.  From  5  to  10  drops 
of  the  caustic  solution,  warmed,  are  dropped  into  the  ear  from 
a  glass  pipette,  the  patient  lying  down  and  with  the  affected  ear 
directed  upwards.  The  caustic  may  be  allowed  to  remain  for 
three  or  four  minutes,  after  which  water  or  the  saline  solution 
should  be  injected  ;  but  recourse  must  be  had  to  this  treatment 
immediately,  if  severe  burning  pain  be  experienced.  The  relief 
is  generally  immediate,  but  should  the  pain  continue  after  the 
application  of  nitrate  of  rilver.  the  ear  should  be  syringed  out 
with  a  ^^'eak  solution  of  iodidi'  of  potassium.  The  meatus  should 
then  be  carefully  dried  and  plugged  with  cotton-wool. 

The  immediate  result  of  the  application  of  nitrate  of  silver  is 
the  formation  of  a  ^^'hite  pellicle,  which  is  sooner  or  later  thrown  off, 
exposing  the  red  mucous  membrane.  In  most  cases,  it  will  suffice 
to  repeat  the  treatment  every  second  day  until  seven  or  eight 
applications  have  been  made.  In  cases  in  which  the  granulations 
are  large  and  soft,  and  bleed  freely  when  touched  with  a  probe 
and  when  water  is  injected  into  the  meatus,  it  is  best  to  apply  a 
saturated  solution  of  chromic  acid  on  a  carrier  (Fig.  82,  page  257). 
When  solid  nitrate  of  silver  is  used,  the  caustic  is  fused  in  a 
porcelain  crucible  and  the  probe  dipped  into  it.  In  touching  the 
granulations,  care  must  be  taken  to  obtain  a  good  vie^^'  of  the 
wall  of  the  tympanum  and  of  the  remains  of  the  membrana 
tympani.  It  will  sometimes  be  found  that  a  small  ulcer  exists  in 
the  deep  part  of  the  cavity,  and  tliat  a  few  apj^lications  of  the 
solid  caustic  will  produce  cicatrisation.  To  prevent  excessive 
action,  water  or  the  saline  solution  should  be  injected,  as 
before. 

For  cases  similar  to  those  just  described,  the  application  of 
rectified  spirit  of  wine  sometimes  proves  very  advantageous.  It 
is  said  to  act  by  withdrawing  water  from  the  granulations.     The 
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uiHlilutt'd  s])ii'it  is  apt  to  cause  severe  pain  and  ii'ritation.  and 
tlierefore  it  sliould  at  first  be  diluted  witli  an  ecpial  cjuantity  of 
water.  About  15  to  20  drops  of  this  mixture  are  warmed  and 
poured  into  the  meatus,  and  allowed  to  remain  for  about  a  quarter 
of  an  hour.  The  fluid  is  then  removed  and  the  ear  carefully 
dried.  The  application  may  be  made  daily,  or  every  other  day, 
tlie  strength  of  the  mixture  being  gradually  increased,  if  little  or 
no  pain  be  experienced.  Lessening  of  secretion  and  a  paler  tinge 
of  the  mucous  membrane  are  indications  that  the  alcohol  is  pro- 
ducing a  beneficial  effect.  As  holds  good  with  regard  to  all  other 
applications  to  the  tympanic  cavity,  if  the  alcohol  cause  pain, 
headache,  giddiness,  or  other  luicomfortable  sensations,  its  use 
must  be  discontinued.  It  often  acts  very  satisfactorily,  and  has 
this  advantage,  that  under  proper  precautions  the  patient  or  his 
friends  may  be  intrusted  with  its  use. 

Astringents  constitute  a  class  of  remedies  which  at  one  time 
were  very  generally  used  in  the  treatment  of  otorrhcea  ;  their 
efiicacy  is  far  inferior  to  that  of  boric  acid  and  other  antiseptics. 
Those  still  occasionally  employed  are  sulphate  of  zinc,  sulpho- 
■carbolate  of  zinc,  acetate  of  lead,  acetate  of  zinc,  alum,  and 
sulphate  of  copper  ;  they  are  applied  either  in  solution  or  in  the 
form  of  fine  powders.  Pain  in  the  ear,  or  any  other  symptom 
indicative  of  an  acute  process,  contra-indicates  their  employment, 
and  all  of  them  are  liable  to  the  objection  that  they  form  insoluble 
albuminates  with  the  secretions  in  the  tympanum.  Alum  is. 
perhaps,  the  most  efficacious ;  but  it  should  be  reserved  for  cases 
of  large  perforation,  and  should  not  be  tried  until  boric  acid  has 
been  used  without  avail.  Its  use  must  not  be  intrusted  to  the 
patient,  for  the  powder  is  apt  to  form  a  solid  plug  in  the  deep 
part  of  the  meatus  and  thus  to  prevent  the  escape  of  secretion. 
It  is  also  liable  to  irritate  the  integument  of  the  auditory  canal, 
•and  to  cause  much  pain  and  even  inflammation,  which  cannot  fail 
to  aggravate  the  original  disease.  When  used,  only  a  small 
quantity  must  be  insufflated,  and  any  of  the  powder  which 
adheres  to  the  skin  of  the  meatus  should  be  removed  with  a 
camel-hair  brush.  The  application  may  be  repeated  when  the 
coating  formed  by  the  alum  appears  moist :  careful  syringing  and 
drying  with  cotton-wool  should  precede  each  insufflation.  If  no 
satisfactory  result  be  obtained  after  six  or  eight  applications,  some 
•other    method    of   treatment   must   be   adopted.      Acetate  of  lead 
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(or.  iv. — §j.)  is  occasionally  serviceable,  and  is  the  least  irritating 
of  this  class  of  remedies.  From  15  to  20  drops  of  this  solution 
are  made  warm  and  instilled  into  the  meatus,  the  patient's  head 
being  kept  in  a  horizontal  position.  The  solution  is  allowed  to 
remain  for  about  ten  minutes,  and  then  removed,  and  the  appli- 
cation is  to  be  repeated  daily  or  every  other  day.  Preparations  of 
lead  thus  applied  cause  the  mucous  membrane  of  the  tympanum 
to  assume  a  dark-grey  colour,  and  thus  mask  its  real  condition. 
In  some  cases  the  discharge  becomes  decidedly  black  or  blackish, 
the  change  being  due  to  the  formation  of  the  sulphide  of  lead, 
and  indicating  decomposition  of  the  secretion.  Under  such 
circumstances,  treatment  by  means  of  antiseptic  remedies  should 
at  once  be  adopted.  The  preparations  of  zinc  and  copper  are  of 
comparativeh'  little  value  in  the  treatment  of  chronic  middle-ear 
suppuration.  If  used,  they  are  applied  in  the  form  of  solutions 
of  the  sulphate  (gr.  ii. — iv.  to  §j.)  in  the  same  manner  as  the 
acetate  of  lead.  Dr.  Knapp*  recommends  the  sulpho-carbolate 
of  zinc,  1  or  2  parts  to  50  parts  of  alcohol  and  5U  parts  of 
water. 

When  a  large  perforation  exists  and  also  in  cases  of  otori'hoea 
with  only  a  scanty  discharge,  Urbantschitsch  f  recommends  the 
employment  of  gelatin  bougies,  containing  such  astringents  as 
acetate  of  lead,  tannin,  sulphate  of  copper,  sulphate  of  zinc,  etc. 
He  prefers  these  to  solutions,  but  restricts  their  employment  to 
the  classes  of  cases  above  mentioned.  Whenever  the  secretion  is 
profuse,  it  is  undesirable  to  create  an}^  obstacles  to  its  free  escape. 
Urbantschitsch  reports  very  good  results  from  mercurial  prepara- 
tions thus  applied.  He  uses  thin  tablets,  which  can  be  cut  into 
fine  strips,  and  then  passed  through  small  perforations  in  the 
tympanic  membrane. 

Of  all  the  methods  of  treatment  ^^•hich  have  just  been  de- 
scribed, that  by  boric  acid  will  be  found  to  be  more  generalh^ 
suitable  and  successful  than  any  other.  If,  however,  after  a 
thorough  trial,  continued  for  five  or  six  weeks,  little  or  no  im- 
provement result,  another  remedy  should  be  tried,  and  the  choice 
will  usually  lie  between  occasional  applications  of  a  solution  of 
chromic  acid  or  nitrate  of  silver  (either  in  substance  or  solution), 
and  daily  treatment  by    rectified  spirit   of  wine   (either  alone  or 

*  Arc Ji ires  of  Otolof/i/,  vol.  xi.  p.  222. 
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combined  witli  boric  acid).  It  is  often  necessary  to  try  several 
remedies  in  succession  until  a  satisfactory  result  is  obtained;  and 
in  some  cases  success  is  achieved  only  by  a  combination  of 
remedies.  Thus  after  boric  acid  and  caustics  have  failed  when 
sei)arately  employed,  a  cure  will  result  from  insufflations  of  the 
former  drug  after  application   of  the  nitrate  of  silver. 

In  all  cases  of  chronic  middle-ear  suppuration,  the  greatest 
importance  must  be  attached  to  constitutional  treatment  and  atten- 
tion to  hygienic  measures  of  all  kinds ;  and  the  condition  of  the 
naso-pharynx  must  be  carefully  and  repeatedly  examined,  and 
means  adopted  to  remove  any  abnormal  condition.  It  is  useless 
to  apply  remedies  to  the  tympanic  cavity,  if  a  chronic  naso- 
pharyngeal catarrh,  the  source  of  the  aural  complaint,  remains 
unchecked.  So  likewise  in  cases  of  constitutional  disease,  e.7., 
syphilis  or  scrofula,  unless  general  treatment  be  superadded  to  the 
local  measures,  a  good  result  can  scarcely  be  expected.  Conditions 
of  general  debility  and  of  angemia  will  also  require  attention  ;  iron, 
quinine,  nourishing  food,  cod-liver  oil,  fresh  air,  change  of  air  to 
the  sea-side,  baths,  and  hygienic  measures  of  all  kinds  are  often 
indispensable  adjuncts  to  any  method  of  local  treatment. 

In  order  to  complete  this  description  of  the  treatment  of 
chronic  otorrhoea,  it  is  necessary  to  refer  to  certain  measures 
whereby  the  hearing-power  may  often  be  improved.  These  are  : 
(1)  Inflation  of  the  middle  ear ;  (2)  rarefaction  of  air  in  the 
meatus  ;  (3)  the  adaptation  of  an  artificial  tympanic  membrane ; 
(4)  operations  of  various  kinds.  Of  these  only  the  two  first  will 
now  be  referred  to;  the  others  will  be  more  appropriately  dis- 
cussed in  the  next  chapter. 

1.  Politzer's  method  is  best  adapted  for  the  inflation  of  the 
middle  ear  in  these  cases  ;  it  should  be  employed  twice  or  three 
times  a  week,  and  continued  during  four  or  five  weeks  after  the 
discharge  has  ceased,  unless  its  employment  is  likely  to  break 
down  a  cicatrix  which  is  forming  or  one  which  has  formed  across 
the  perforation  which  previously  existed.  In  this  case,  an  Eus- 
tachian catheter  should  be  used,  the  injecting  force  being  merely 
sufficient  to  enable  the  air  to  enter  the  tympanum.  If  the  dis- 
charge is  more  than  slight,  or  even  then  does  not  quickly  disap- 
pear, the  comlnnation  of  Politzer's  inflation  with  syringing  for  the 
purpose  of  thoroughly  cleansing  the  middle  ear,  as  before  de- 
scribed, should  not  be  neglected. 
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2.  l^arefaction  of  tlie  air  in  tlie  meatus  is  not  only  useful  in 
the  secretory  stage,  when  the  tube  is  impervious,  and  in  cases  of 
circumscribed  suppuration  in  the  tympanum,  but  it  likewise  tends 
to  improve  the  hearing-power,  after  all  discharge  has  ceased. 
Improvement,  though  only  of  a  temporary  character,  has  been 
observed  even  in  cases  of  adhesion  of  the  tympanic  membrane 
with  the  joint  between  the  incus  and  stapes,  when  inflation 
through  the  tube  was  \\'ithout  effect  (Politzer),  liarefaction  of 
the  air  in  the  meatus,  with  either  Siegle's  or  Delstanche's  (Fig. 
100)   instrument,   is  always  worthy  of  trial. 

It  would  appear,  from  certain  facts  that  have  come  under  the 
author's  notice,  that   persons   suffering   from  chronic   suppurative 


Fig.  100. 
Delstaxchk's  Masseur. 

inflammation  of  the  middle  ear  may  be  a  source  of  dan£;;er  to 
others.  A  medical  practitionei',  thus  affected,  attended  several 
women  during  their  confinements.  Intervals  of  several  weeks 
elapsed  l)etween  the  attendances;  but  all  the  women  were  attacked 
by  puerperal  fever.  No  cause  could  be  discovered,  and  the  medical 
man  was  led  to  suspect  that  the  discharge  from  his  own  ear  had 
produced  the  mischief,  and  he  ceased  to  attend  cases  of  midwifery. 
Granted  that  his  suspicions  were  well  founded,  it  is  jirobable  that 
the  poison  was  conveyed  by  his  fingers,  and  the  question  must 
arise  as  to  whether  a  practitioner  or  nurse  suffering  from  chronic 
suppuration  of  the  middle  ear  is  justified  in  attending  cases  of 
midwifery,  and  likewise  surgical  cases  requiring  tlie  application  of 
dressings,  etc. 
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CHAPTER   XXIX. 

CHANGES  IN  THE  MEMBRANA  TYMPANI   IN   VARIOUS 
AFFECTIONS  OF  THE  EAR. 

Cicatrisation — Persistent  Perforation  of  the  Tympanic  Membrane — Appear- 
ances and  Consequences — Artificial  Substitutes — Method  of  l^eter- 
mining  Effect  of  Closing  a  Perforation — Treatment  of  Perforations— 
Attemx)ts  to  Produce  Cicatrisation — Myringo-Plastic  Operations — 
Artificial  Tympanic  Membrane — Appliances  devised  by  Yearsley, 
Toynbee,  Gruber,  Hartmann,  and  others — Rules  to  be  Adopted — 
Modus  Operandi  of  such  Appliances — Indications  for  Employment 
of  Artificial  Membranes — Calcareous  Deposits  in  the  Membrana 
Tympani^Appearances — Symptoms  and  Treatment— Thickening  of 
the  Tympanic  Membrane — Atrophic  Processes  in  the  Membrane — 
Adhesions  between  the  Membrane  and  the  ^^'all  of  the  Tympanum. 

It  seems  desirable  to  give  a  connected  account  of  those  various 
abnormal  conditions  of  the  tympanic  membrane  which  result  from 
affections  of  the  middle  ear,  and  most  frequently  from  suppurative 
inflammation.  These  conditions  may  be  considered  under  the 
following  heads :  (1)  cicatrisation ;  (2)  persistent  perforation ; 
(3)  calcareous  formations ;  and  (4)  adhesions  between  the  mem- 
brane and  other  structures  of  the  tympanum. 

(1)  Cicatrisation. — Solutions  of  continuity  of  the  membrana 
tympani,  in  the  form  of  small  slits  and  attended  'only  by  slight 
and  transient  inflammation,  may  unite  directly  by  simple  union. 
But  under  different  circumstances,  when  the  opening  is  large,  and 
retraction  or  destruction  of  the  membrana  propria  has  taken  place, 
healing  becomes  possible  only  with  the  formation  of  a  cicatrix. 
In  this  latter  process,  the  membrana  propria  takes  no  share  ;  the 
new  tissue  is  formed  by  proliferation  of  the  epithelial  and  connec- 
tive tissue  cells  of  the  cutaneous  and  mucous  lavers.     The  cicatrix, 
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therefore,  consists  of  a  delicate  laj^er  of  connective  tissue,  coated 
externally  by  a  thin  epidermis,  and  internally  b}'  a  single  stratum 
of  the  flat  epithelium-cells  of  the  membrana  tympani.  The  cicatrix 
is  therefore  thinner  than  the  normal  membrane;  when  illuminated 
with  the  mirror  it  is  seen  to  be  more  transparent  than  the  adjacent 
part,  and  is  bright  or  dark  according  as  it  approaches  the  inner 
wall  of  the  tympanum  or  is  withdrawn  from  it.  As  a  general  rule, 
its  lessened  thickness  causes  it  to  be  somewhat  below  the  level  of 
the  rest  of  the  membrane.  The  fibres  of  the  membrana  propria 
frequently  terminate  at  the  margin  of  the  cicatrix,  as  if  cut  off 
abruptly  ;  but  sometimes  they  are  bent  upon  themselves  and  run 
for  some  little  distance  in  an  opposite  direction.  Occasionally  it 
is  possible  to  detect  in  the  middle  of  a  cicatrix  an  oval  pearl-like 
mass  of  epithelium,  covered  with  a  layer  of  epidermis. 

With  regard  to  the  colour  of  cicatrices  of  the  tympanic  mem- 
brane, when  small  and  situated  opposite  the  promontory  they  are 
clearer  than  those  which  are  found  in  the  anterior  inferior  quad- 
rant. A  depressed  cicatrix,  which  is  near  to  the  wall  of  the 
tympanum,  may  be  of  a  light-brown  colour.  Cicatrices  are  always 
more  highly  tinted  than  the  adjacent  parts  of  the  membrane,  and 
the  difference  is  often  increased  by  the  whitish  colouration  of  the 
latter  portions. 

Cicatrices  in  the  membrana  tympani  are  for  the  most  part  well 
defined  ;  sometimes  there  is  a  decided  reflex  of  lii>-ht.  of  varvinp- 
form  and  dimensions.  A  sharply-defined  border  is.  however, 
sometimes  noticed  as  bounding  small  atrophic  spots  on  the  mem- 
brane ;  but  when  a  history  of  otorrhoea  is  forthcoming,  there  can 
be  little  doubt  as  to  the  nature  of  the  case. 

Cicatrices  of  the  membrana  tympani  vary  in  dze,  for  large 
perforations  are  as  capable  of  closure  as  small  ones.  They  are 
most  often  seen  in  the  lower  half  of  the  membrane ;  their  form 
varies  according  to  that  of  the  original  orifice.  In  many  cases 
they  appear  as  sac-like  depressions  and  involutions  of  the  mem- 
brane ;  in  other  cases  their  inner  surface  is  connected,  either 
directly  or  by  strands  of  connective  tissue,  with  the  wall  of 
the  tympanum  or  the  ossicles,  and  especially  with  the  long- 
process  of  the  incus  and  the  head  of  the  stapes.  Large  cicatrices, 
owing  to  their  transparency,  often  allow  the  inner  wall  of  the 
tympanum  to  be  clearly  seen,  and,  in  many  cases,  are  so  closely 
applied  to  this  part,  that   the   appearance  is  that  of  total  loss  of 
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the  membrane.  As  the  result  of  atrophy  and  diminished  resist- 
ance, the  entire  membrane,  or  certain  parts  of  it.  become  much 
relaxed,  and  move  freely  under  the  influence  of  variations  of 
pressure.  These  movements  are  visible  if  the  ear  be  examined 
during  expiration  and  inspiration,  during  swallowing  movements, 
and  especially  when  air  is  forced  into  the  tympanum  by  Valsalva's 
method,  or  with  the  aid  of  the  catheter.  As  a  general  rule, 
during  inspiration  the  membrane  moves  towards  the  tympanic 
cavity,  and  in  the  opposite  direction  during  expiration. 

During  inspiration,  the  air  in  the  naso-pharynx  becomes 
momentarily  rarelied,  and  this  action  is  reinforced  by  the  effect 
of  the  air-current  upon  the  pharyngeal  opening  of  the  tube.  The 
air  is  thus  drawn  to"\\'ards  the  throat,  and  the  diminution  of 
pressure  in  the  tympanum  causes  the  membrane  to  be  drawn 
inwards.  When  expiration  follows,  the  air  in  the  naso-pharynx 
is  condensed,  and  this  effect  is  transmitted  through  the  Eusta- 
chian tube,  so  that  the  membrane  is  again  forced  outwards. 

During  the  act  of  swallowing,  the  relaxed  portion  of  the 
membrane  moves  slightly  but  rapidly  inwards,  then  more  de- 
cidedly outwards  towards  the  meatus  and  then  again  inwards. 
As  the  tube  is  opened  by  the  act  of  swallowing,  the  air  passes 
from  the  middle  ear  to  the  throat,  and  hence  the  short  movement 
occurs  in  an  inward  direction.  The  movements  out^^•ards  and 
then  inwards  are  consequent  upon  the  condensation  and  rare- 
faction respectively  of  the  air  in  the  middle  ear  caused  by 
the  elevation  and  depression  of  the  pharynx  and  base  of  the 
tongue. 

When  air  is  artificially  forced  into  the  tympanum,  the  relaxed 
portions  of  the  membrane  either  become  slightly  convex  or  bulge 
out  like  little  sacs  or  l)ladders ;  if  the  relaxed  portion  or  cicatrix 
involve  the  greater  part  or  the  whole  of  the  membrane,  it  becomes 
distended,  like  the  belly  of  a  sail.  If  the  pressure  be  sufficient, 
the  relaxed  part  may  give  way.  when  a  loud  noise  is  heard  and 
the  patient  complains  of  pain.  On  examining  with  the  speculum 
an  opening  is  seen,  varj^ng  in  size,  but  with  retracted  border, 
marked  with  recent  extravasation  of  blood. 

When  Siegle's  speculum  is  used,  the  cicatrix  or  atrophied 
portion  of  the  membrane,  unless  adherent  to  the  inner  wall  of 
the  tympanum,  moves  to  and  fro,  in  accordance  with  the  alter- 
nations of  pressure  in  the  meatus. 
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Pulsating  movements  are  sometimes  observed  ;  these  arise  in 
the  arteries  of  the  inner  wall  of  the  tympanum,  and  are  com- 
municated either  directly  to  the  closely  applied  and  relaxed 
portion  of  the  tj'mpanic  membrane,  or  through  serous  exudation 
in  the  cavity. 

It  must  be  remembered  that  a  perforation  sometimes  under- 
goes only  partial  cicatrisation.  When  the  opening  is  large. 
membranous  formation  may  be  confined  to  one  part,  so  that 
perforation  and  cicatrisation  coexist.  In  large  perforations  in 
the  neighbourhood  of  the  umbo,  the  end  of  the  handle  of  the 
malleus  is  not  always  included  in  the  cicatrix,  but  projects 
behind  it  into  the  tympanic  cavity,  attached,  if  at  all,  to  the 
membrane,  only  by  strands  of  connective  tissue.  When  this  is 
the  case,  the  condition  of  the  parts  can  usually  be  made  out  by 
the  aid  of  Siegle's  speculum. 

It  seldom  happens  that  cicatrices  in  the  tympanic  membrane 
give  rise  to  any  symptoms  appreciable  b}'  the  patient.  When, 
however,  they  are  large  and  much  relaxed,  and  wdien  they  are 
dra\Mi  inwards  and  adherent,  the  patient  may  complain  of  noises 
in  the  ears  and  more  or  less  deafness.  Less  frequently  there  is  a 
sensation  of  fluttering  or  undue  movement  in  the  ears,  noticed 
especially  during  inspiration  and  expiration. 

Cicatrices  in  the  membrana  tympani  rarely  demand  any  kind 
of  treatment.  Something  may  be  done,  however,  for  the  relief 
of  deafness  associated  with  relaxed  and  indrawn  cicatrices.  For 
such  a  condition  Politzer  recommends  multiple  incisions,  either 
parallel  or  crossing  each  other.  These,  on  healing,  sometimes 
produce  thickening  with  increased  resistance,  and  consequent 
diminution  of  the  symptoms.  As  a  temporary  measure,  for  the 
relief  of  symptoms  dependent  upon  an  indrawn  cicatrix  of  the 
membrane,  the  air-douche  may  be  tried  with  advantage ;  but 
the  frequent  employment  of  this  method,  and  still  more,  of 
Valsalva's  plan,  is  likely  to  cause  undue  relaxation  and  mobility 
of  the  cicatrix. 

(2)  Persistent  Perforation  of  the  Membrana  Tym- 
pani.— xAs  a  result  of  long-continued  or  repeated  attacks  of 
suppuration  in  the  middle  ear,  a  large  perforation  of  a  permanent 
character  sometimes  ensues.  A  certain  amount  of  contraction 
may  take  place,  but  an  aperture  remains,  the  margin  of  which  is 
usually    thickened,  owing    to    increase    of  connective    tissue  and 
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calcareous  deposit,  wliicli  often  gives  it  a  whitisli  tint.  The 
epidermis  of  the  iiiembrana  tympani  is  continued  over  the  margin 
of  the  opening  to  its  inner  border,  and  sometimes  covers  the 
greater  portion  of  the  internal  surface,  and  may  extend  even 
to  the  walls  of  the  cavity. 

The  shape  of  the  opening  varies  in  different  cases ;  its  most 
common  seat  is  the  lower  half  of  the  membrane.  Sometimes  two 
perforations    co-exist,   one   in  the   anterior   and  the  other  in   the 


Fig.  101. 

The  Left  Ear  of  a  girl,  aged  17  years,  who  has  had  suppurative  inflammation.  Through  the 
perforation  in  the  posterior  segment  can  be  seen  a  portion  of  the  long  process  of  the  incus 
and  the  head  of  the  stapes. 


Fig.  102. 

The  Left  Tympanic  Membrane  of  a  girl,  aged  17  years,  showing  considerable  loss  of  the 
membrane  as  a  result  of  suppurative  inflammation,  but  the  ossicula  remaining  in  their 
relative  position. 


Fig 


The  Right  Membrana  Tympani  of  a  girl,  aged  22  years,  showing  a  large  perforation  in  the 
posterior  segment,  and  below  its  upper  border  the  tip  of  the  long  process  of  the  incus  and 
the  head  of  the  stapes. 

posterior  inferior  segment ;  these  are  separated  from  each  other 
by  the  handle  of  the  malleus  and  by  a  narrow  strip  of  the  original 
tissue  extending  from  the  extremity  of  the  bone  towards  the  peri- 
phery. Sometimes  the  loss  of  substance  involves  the  larger  part 
of  the  membrane,  only  a  narrow  border  being  left  at  the  circum- 
ference (Fig.  102).  The  portion  that  remains  is  often  more  or 
less  dull,  either  thickened  or  atrophied,  and  coated  with  calcareous 
deposit  (Fig.  104).  It  seldom  happens  that  the  membrane 
is  totally    wanting.     According  to  the  position   and  size   of  the 
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perforation,  various  structures  contained  in  the  middle  ear  are 
more  or  less  freely  exposed  to  view  (see  Figs.  101,  102,  103, 
104,  and   106). 

Other  appearances  and  consequences  depend  upon  the  size  and 
position  of  the  opening.  Cases  are  often  met  with  in  which,  not- 
withstanding very  considerable  loss  of  substance,  the  hearing- 
power  is  relatively  good.  It  may.  therefore,  be  inferred  that 
marked  loss  of  function,  when  present,  is  largely  due  to  impedi- 
ments to  conduction  connected  with  the  ossicles,  or  to  obstruction 
of  the  fenestra?.  Pathological  changes  of  this  kind  are  due 
to  the  disease  which  caused  the  perforation,  and  those  most 
often   met  with    are  :    retraction   of  the    handle   of  the    malleus, 


EiG.  104.  EiG.  lOo. 

TuE  KiGHT  Ear  of  a  girl,  aged  24  years,  who  bad  chronic  suppurative  inflanniiation.  There  is 
a  perforation  in  the  posterior  segment,  through  which  can  be  seen  the  tip  of  the  long  process 
of  the  incus  and  the  liead  of  the  stapes.  A  patch  of  calcareous  deposit  occupies  the  greater 
portion  of  the  anterior  segment. 

Fig.  105.  The  Left  Ear  of  the  same  patient,  showing  a  large  patch  of  calcareous  deposit. 


Fig.  10(J. 

The  Kight  Ear  of  a  woman,  aged  31  years,  showing  a  perforation  in  the  posterior  segment, 
through  which  can  be  seen  the  stapes,  which  has  become  disarticulated  from  the  incus,  and 
its  head  in  consequence  has  dropped  downwards.  There  has  been  also  a  perforation  in  front 
of  the  short  process  of  the  malleus,  but  adhesions  have  formed  between  its  edge  and  the 
deeper  parts. 

sometimes  to  such  an  extent  as  to  cause  the  bone  to  become 
adherent  to  the  inner  wall  ;  adhesive  processes  between  the  latter 
part  and  the  margin  of  the  perforation ;  ankylosis,  displacements 
and  exfoliation  of  the  ossicles.  More  important  as  regards  their 
influence  on  the  hearing-power  are  formations  of  connective  tissue 
and  calcareous  deposits  in  the  fenestras.  The  existence  of  a  per- 
foration in  the  membrana  tympani  favours  the  access  of  micro- 
organisms and  other  sources  of  mischief,  and  hence  increases  the 
liability  to  recurrences  of  attacks  of  inflammation. 

It  sometimes  happens  that  even  large   perforations,   after  re- 
maining quiescent  for  several  years,  suddenly  begin  to  diminish 
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in  size,  and  eventually  are  covered  in  l)y  cicatrices.  Tlii.s  process 
has  been  observed  to  take  place  under  the  influence  of  a  slight 
attack  of  inflammation,  and  its  occurrence  has  stimulated  the 
desire  to  produce  a  similar  result  by  artificial  means. 

Before  proceeding  to  describe  the  various  methods  of  forming 
an  artificial  membrana  tympani,  it  is  well  to  consider  the  diffi- 
culties that  have  to  be  overcome  and  the  prospects  of  success.  As 
already  stated,  the  question  whether  the  hearing-power  will  be 
improved  by  the  closure  of  a  perforation  and  the  production  of  a 
cicatrix  must  depend  upon  the  condition  of  the  other  portions  of 
the  sound-conducting  apparatus.  If  the  condition  of  the  malleus 
or  incus  constituted  a  permanent  obstacle  to  the  conduction  of 
sound,  the  formation  of  a  cicatrix  would  tend  only  to  impair 
the  hearing-power.  Sonorous  undulations  which  passed  through 
the  perforation  direct  to  the  foot-plate  of  the  stapes,  would,  after 
the  development  of  a  cicatrix,  be  communicated  to  the  malleus 
and  incus,  and  their  intensity  would  be  diminished  b}"  the 
obstacle  therein  existing.  Politzer  has  suggested  a  method  of 
determining  whether  the  closure  of  a  perforation  would  have  any 
effect  upon  the  hearing-power.  The  amount  existing  in  an  ear 
in  -which  the  membrane  is  perforated  is  determined  b}'  careful 
examination  :  the  opening  is  then  closed  by  a  drop  of  glycerine 
or  a  small  piece  of  paper,  and  the  hearing  is  again  tested.  If  the 
sounds  be  less  distincth'  heard,  an  obstacle  to  conduction,  con- 
nected with  the  malleus  or  incus,  may  be  inferred  to  exist. 

As  a  general  rule,  perforations  of  the  tj^mpanic  membrane  ^\ith 
relatively  good  hearing-power  are  best  left  alone.  When,  how- 
ever, the  defect  is  bilateral  and  a  marked  degree  of  deafness 
co-exists,  it  becomes  desirable  to  take  steps  to  close  the  opening. 
The  good  effects  of  such  an  alteration  are  sometimes  ver}-  evident ; 
their  discover}^  was  first  made  by  patients  themselves,  the  subjects 
of  perforation,  who  found  their  hearing-power  improved  when  a 
roll  of  paper  was  passed  deeply  into  the  meatus  for  the  purpose  of 
removing  secretion.  Politzer  states  that  the  use  of  an  artificial 
membrana  tjnnpani  was  known  as  far  back  as  1640.*  It  was, 
however,  only  about  the  middle  of  the  present  century  that  the 
plan  became  used  b}'  a  few  aural  surgeons,  and  notably  by 
Yearsley.    Erhard,   and  Toynbee.     Before  describing  the    various 

*  Marcus   Banzer,    Disputatio   dc  Anditlone   Lcesa,   1640   (cited   by  Politzer, 
S.  ;J46). 
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appliances  used  by  them  and  their  successors,  reference  will  be 
made  to  the  plans  adopted  with  the  view  of  causing  the  openings 
to  close. 

One  simple  plan  is  that  of  stimulating  the  edges  of  a  perfora- 
tion by  applying  nitrate  of  silver.  The  caustic  is  fused,  and  a 
small  portion  is  then  taken  up  on  the  head  of  a  probe,  or  a  piece 
of  cotton-wool  twisted  tightly  on  to  a  probe  and  moistened  with  a 
strong  solution  of  the  same  drug,  may  be  applied  to  the  edges  of 
the  opening.  With  small  perforations  this  plan  sometimes  proves 
successful,  but  it  invohes  the  risk  of  setting  up  too  much  irrita- 
tion, with  suppuration  and  enlargement  of  the  opening  as  probable 
results.  The  same  drawbacks  are  associated  with  the  use  of  the 
galvano-cautery.  or  the  knife,  for  the  removal  of  tissue  at  the 
edge  of  the  perforation.  This  plan  is  spoken  well  of  by  Gruber,* 
M'ho  also  recommends  for  small  perforations  numerous  incisions 
^ — 1mm.  in  length,  made  quite  close  to  one  another,  and  at  right 
angles  to  the  margin  of  the  perforation.  The  operation  causes 
only  slight  pain  and  heemorrhage.  Gruber  states  that  small  per- 
forations, even  of  long  standing,  treated  in  this  way,  often  close 
up.  and  larger  ones  diminish  in  size.  The  experience  of  other 
surgeons  is,  however,  less  favourable.  In  some  cases  of  dr}^  per- 
foration, division  of  the  tensor  tympani  tendon  is  followed  by 
partial  or  complete  closure  of  the  opening  ;  and  removal  of  the 
malleus,  when  the  handle  seems  foreshortened,  reinforces  the 
eftect  of  the  operation  on  the  tendon. 

Many  attempts  have  been  made  to  utilise  portions  of  skin  and 
various  membranes  in  order  to  cover  up  the  perforation,  but  hitherto 
without  any  decided  amount  of  success.  The  first  surgeon  to 
perform  this  myringoplastic  operation  was  Prof.  Berthokhf  of 
Konigsberg.  He  first  applied  a  piece  of  court  plaster  (which  was 
allowed  to  remain  for  three  days)  in  order  to  remove  the  epidermis. 
He  then  detached  a  portion  of  skin  from  the  patient's  forearm  and 
a})plied  it  to  the  opening,  the  edges  of  which  it  overlapped.  The 
external  meatus  was  afterwards  plugged  with  cotton-wool.  Sub- 
sequently Berthold  used  a  portion  of  egg-membrane  for  the  same 
})urpose.  A  very  fine  glass-pipette,  bent  at  an  angle  of  125°,  and 
fitted  with  an  ordinary  piece  of  india-rubber  tubing,  closed  at  the 
further  end,  was  used  for   the   introduction.      The  mouth  of  the 

*  Lelirlmch  der  OhrenheWmnde,  II.  Aufl.  S.  362. 

t  Tagebl.  d.  51,  Vrrsamvilung  Deutsclier  Natvrforsclier  nnd  ^lerzi^e,  Cassel,  187?^. 
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pipette  was  dipped  in  white  of  egg.  and  a  small  piece  of  the  egg- 
membrane  aspirated  on  to  it  with  the  moist  inner  surface  outermost. 
The  membrane  adheres  to  the  mouth  of  the  pipette,  and  can  thus 
be  conveniently  trimmed  into  shape.  It  is  then  conveyed  to  the 
required  position  on  the  t}-mpanic  membrane,  to  which  it  is  made 
to  adliere  by  compressing  the  india-nibber  tube.  It  soon  becomes 
closely  united  with  the  edge  of  the  perforation,  and  it  may  remain 
for  weeks  or  months,  but  the  effect  is  never  permanent. 

Since  1888  Berthold*  has  returned  to  his  first  plan  of  utilising 
the  integument,  but  he  applies  it  not  to  the  remains  of  the 
t}-mpanic  membrane,  but  to  the  mucous  membrane.  After 
suppuration  has  ceased,  and  he  has  loosened  any  adhesions 
between  the  edge  of  the  perforation  and  the  opposite  wall  of 
the  tympanum,  he  places  on  the  granulating  mucous  surface  of 
the  promontoiy  a  piece  of  sldn  precisely  the  size  of  the  per- 
foration, and  of  a  thickness  equal  to  the  distance  between  the 
margin  of  the  latter  and  the  inner  tympanic  wall.  The  piece  of 
skin  lits  into  the  margin  of  the  perforation,  as  a  watch  glass  into 
the  groove  of  the  rim.  The  granulating  mucous  membrane 
affords  the  material  for  the  nourishment  of  the  transplanted  skin, 
whilst  the  latter  is  tied  down  to  the  edges  of  the  perforation  by 
the  secretion  which  oozes  out.  Transplantation  with  human  skin 
proved  successful,  in  Berthold's  hands,  in  closing  over  the  largest 
perforations,  and  even  in  cases  in  which  the  tympanic  membrane 
had  been  completely  destroyed.  One  drawback  connected  T;\-ith 
this  method  is  due  to  the  uncertainty  as  to  whether  union  will 
Take  place,  and  the  difficulty  of  selecting  the  proper  time  for  the 
operation.  If  the  mucous  membrane  were  still  secreting,  the 
continuance  of  the  suppui*atiou  would  almost  certainly  prevent 
adhesion.  It\  on  the  other  hand,  suppuration  had  ceased,  the 
mucous  membrane  would  have  a  coating  of  epithelium,  which 
would  prove  an  obstacle  to  union.  Moreover,  in  the  hands  of 
some  surgeons,  this  method,  although  successful  so  far  as  regarded 
closure  of  the  perforation,  resulted  in  more  or  less  diminution  of 
hearing-power. 

The  Artificial    Tympanic    Membrane.  —  As   already  stated,  an 

English  surgeon.  Mr.  Yearsley,  was  the  first  to  call  attention  to 

the  improvement  in  hearing,  which  can  sometimes  be  produced 

by  applying  a  little  plug  of  cotton-wool  over  a  pertoration  in  the 

*  Archives  of  Otvlogy,  vol.  xs.  p.  371. 
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tympanic  membrane  (Figs.  107.  108j.  Since  his  time  many 
attempts  have  been  made  to  discover  more  efficacious  contrivances, 
and  a  considerable  amount  of  success  has  been  attained.  The 
objects  aimed  at  and  the  modes  in  which  tlie  various  api)liances 
act  differ  to  some  extent  in  character.  By  some  the  vibrating 
surface  of  the  membrane  is  increased,  if  not  restored  to  its  original 
amount,  wliile  at  the  same  time  })ressure  is  exercised  on  the 
remains  of  the  membrane  and  the  ossicles  connected  therewith. 
If  also    the    handle    of  the    malleus    be    much    drawn    inwards 


Fig.  107. 

Ykarsley's  Tympanum. 


Fig.  108. 
ixtroiiickr  fok 
Yearsley'.s  Tympanl'm. 


Fig.  109. 

ToY-NBKE's  Artificial  Ty-afpaxum, 


F^IG.    110. 

Toynuek's  Artificial  Tympanum, 
WITH  Thread  ixstkad  of  Wirk. 


pressure   upon    the   short   process    overcomes   this    condition    and 
causes  a  movement  of  the  ossicles  in  an  outward  direction. 

Not  long  after  Yearsley  advocated  the  cotton  plug.  Toynbee 
devised  an  artificial  drum,  consisting  of  a  disk  of  vulcanite  india- 
rubber,  6— 7mm.  in  diameter.  Attached  to  its  middle  is  a  piece  of 
silver  wire,  about  1^  inches  in  length  (Fig.  109).  The  disk  is  cut  to 
fit  the  meatus,  and,  when  moistened,  is  easily  introduced  by  taking 
the  free  end   of  the  wire  between  the  fingers,  drawing  the  auricle 
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back^^-ards  and   upwards,   and  then  pushing  the   disk   along  the 
meatus  until  it   meets   with  resistance.     In  some   patients,  how- 
ever, the  wire  handle  causes  uncomfortable  sensations  or  irritation 
in  the  meatus,  and  it  may  become   detached,  hence  a  thread  has 
been    used    instead  of  the    wire    (Fig.   110),   and    various   modi- 
fications of  Toynbee's  appliance  have  been  suggested.     In  place  of 
the  wire,  Lucae  has  a  fine  india-rubber  tube  connected  with  the 
disk,  and  insertion  is  effected  by  the   aid  of  a  probe  filling  the 
tube.     Gruber*  has  designed  a  somewhat  elaborate  but  effective 
apparatus,  by  means  of  which  the  patient  can  construct  the  artifi- 
cial   membrane.       The    apparatus    consists    of    a   vulcanite    case 
containing  needles,   silk  thread,   and   a  suitable  sheet  of   gutta- 
percha tissue.     The  end  of  the  case  contains  a  punch,  correspond- 
ing to  the  size  and  shape  of  the  normal  tympanic  membrane.     By 
th?s  instrument  a  disk  is  punched  out  of  the  gutta-percha  and 
threaded  with  silk  through  the  centre.     A  simple  instrument  is 
employed  for  the  introduction  of  the   artificial  membrane.     It  is 
a  piece  of  wire  curved  round  to  form  a  small  ring,  which  is  bent 
at  a  right  angle  to  the  shank.     The  other  end  is   bent   to  form  a 
laroer  ring.     To  insert  the  disk,  the  thread  is  passed  through  the 
smill  ring^and  along  the  wire,  being  kept  in  contact  with  this  by 
the  finger.      When  the  disk  has  been  properly  adjusted  in  its 
place,  the  thread  is  released  and  the  wire  is  withdrawn.     A  pair 
of   bent   forceps    may   also  be   used  for   the   introduction  of  the 
artificial  membrane.     Linen,  silk,  or  paper  may  be  used  in  place 
of  the  gutta-percha.      Dr.   Katzf  recommends  a  thin   pellicle  of 
celloidin  (celloid  10,  alcohol   and    ether  aa.  50) ;  this   is   applied 
by  means  of  a  plug  of  wool  dipped  in  the  solution. 

Another  convenient  contrivance  is  that  devised  by  Dr.  Hart- 
mann.i  It  consists  of  a  small  portion  of  cotton-wool,  twisted 
into  a  round  ball  and  continued  into  a  thin  process,  around  which 
a  thread  is  carried :  the  whole  is  impregnated  with  a  solution  of 
wax.  Delstanche  has  devised  an  equally  simple  contrivance.  He 
takes  a  small  piece  of  soft  wire,  which  he  bends  at  one  end. 
Around  this  wire  the  cotton-wool  is  wrapped  in  such  a  way  as 
to  form  a  little  ball  at  the  end,  while  the  rest  of  the  wire  is 
covered  only  with  a  thin  layer  of  wadding.     Politzer  has  suggested 

*  Lehrbucli  der  Ohrenlie'dkunde,  S.  364. 

t  Beutsclte  Med.  Woch.,  18^9,  Nr.  28. 

t  Diseases  of  the  Ear,  English  Translation  of  3rd  Edit.  p.  118. 
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a  more  durable  contrivance.  This  consists  of  a  piece,  half  a  cen- 
timetre long,  cut  from  the  side  of  an  india-rubber  tube  2 — 3mm. 
thick,  the  lower  end  is  perforated  and  fixed  to  a  moderately  strong- 
wire.  Good  results  can  also  be  obtained  from  the  introduction  of 
a  piece  of  india-rubber  tubing,  adapted  to  the  length  of  the 
meatus,  and  having  its  inner  extremity  either  rounded  off  or  cut 
obliquely.  The  same  authority  recommends  another  contrivance, 
viz.,  a  combination  of  Toynbee's  membrane  with  a  stapes  bone, 
taken  from  a  dead  body,  for  cases  in  A\'hich  the  crura  have  been 
destroyed  by  erosion,  and  only  the  base  of  the  bone  is  present 
in  the  fenestra  ovalis.  The  ossicle  is  fastened  by  thread  to  the 
india-rubber  plate,  and,  when  introduced,  is  directed  towards  the 
niche  of  the  fenestra  ovalis.  The  ^^■aves  of  sound  are  conveyed 
from  the  disk  to  the  foot-plate  of  the  stapes,  and  thence  to  the 
labyrinth. 

It  would  seem  that  on  the  whole  the  best  substitute  for  the 
natural  tympanic  membrane  is  a  cotton-ball  or  pellet  impregnated 
with  boric  acid,  salicylic  acid,  or  thymol,  and  then  moistened  with 
diluted  glycerine  (1  :  4  Aq.).  It  is  well  to  attach  a  piece  of  thread 
to  the  pellet,  so  that  it  may  be  easily  removed.  Cotton-wool 
causes  little,  if  any.  irritation,  and  has  the  further  advantasfe  of 
absorbing  secretions.  In  some  cases  two  or  three  layers  of  lint, 
cut  to  the  requisite  size  and  shape,  answer  better  than  the  pellet  of 
cotton-wool.  It  must  be  remembered  that  different  appliances  are 
suitable  for  different  patients,  and  it  is  therefore  well  to  be  provided 
with  several  forms. 

Any  form  of  artificial  substitute  for  the  membrana  t^nnpani 
requires  renewal,  and  should  generally  be  removed  at  night;  it  is. 
therefore,  well  to  teach  the  patient  the  method  of  application. 
After  a  little  instruction,  the  task  will  be  found  very  simple  ;  the 
patients  soon  find  out  the  best  position  for  the  pellet  and  the  exact 
amount  of  pressure  which  renders  it  effective.  During  the  intro- 
duction, the  external  meatus  must  be  straightened  by  drawing  the 
auricle  outwards  and  backwards.  The  pellet  is  grasped  by  a  pair 
of  forceps,  and  pushed  to  the  bottom  of  the  meatus  with  an 
inclination  slightly  forwards. 

As  a  general  rule,  it  is  necessary  that  the  parts  should  become 
gradually  accustomed  to  the  presence  of  any  artificial  substitute 
for  the  tympanic  membrane.  More  or  less  irritation  may  be 
caused  not  only  to  the  remains  of  the  membrane  and  the  tvm- 
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panum.  but  to  the  structures  of  the  labyrinth,  and  this  result  must 
be  as  far  as  possible  avoided.  For  this  purpose,  the  pellet  should 
at  first  be  worn  only  for  an  hour  or  two  and  then  removed,  and 
this  practice  must  be  pursued  for  several  days,  increasing  the  time 
until  the  pellet  can  be  worn  during  the  daytime.  The  pellet 
should  be  removed  on  the  appearance  of  any  sign  of  irritation. 
In  some  cases,  the  best  plan  is  to  let  the  patient  wear  it  only 
when  conversation  becomes  necessarj^ 

With  regard  to  the  modus  operandi  of  these  appliances. 
Toynbee  thought  that  the  resonance  of  the  tympanic  cavity  was 
restored  by  the  rubber  disk  ;  but,  against  this  view,  it  must  be 
remembered  that  the  perforation  is  not  always  closed  by  the  disk, 
and  certainly  not  occluded  by  a  cotton-\\'ool  pellet,  the  effect  of 
which  is  often  considerable.  Erhard  considered  that  the  effect 
\^'as  due  to  the  pressure  upon  the  remains  of  the  membrane  and 
the  handle  of  the  malleus,  or  upon  the  stapes  if  separated  from  the 
incus.  His  idea  was  that  the  bones,  whose  articulations  had  been 
loosened,  were  thus  held  closely  together,  with  improvement  of 
sound-conduction  as  the  result.  Alteration  in  the  intra-labyrin- 
thine  pressure  has  also  been  suggested  as  an  explanation.  Accord- 
ing to  another  view,  pressure  upon  the  short  process  of  the  malleus 
acts  upon  the  ossicular  chain,  which,  previously  drawn  inwards,  is 
restored  to  a  more  natural  position.  In  all  probability  these 
causes  frequently  co-operate,  their  influence  varying  in  degree  in 
different  cases. 

The  employment  of  an  artificial  membrane  is  indicated  when 
the  perforation  is  accompanied  by  marked  deafness  on  both  sides, 
and  when  the  inflammatory  swelling  of  the  remains  of  the  mem- 
brane and  of  the  mucous  lining  of  the  cavity  and  the  suppuration 
have  been  reduced  to  a  minimum.  The  appliance  sometimes 
proves  beneficial  in  cases  in  which  the  membrane  is  intact ;  the 
deafness,  which  is  the  prominent  symptom,  is  momentarily  im- 
proved by  pressure  upon  the  short  process.  When  perforation 
exists  only  on  one  side,  and  the  hearing-function  is  good  on  the 
other,  an  artificial  membrane  may  be  worn  as  a  protection  against 
the  ingress  of  foreign  bodies,  though  its  good  effects  mnj  be  out- 
weighed by  the  irritation  it  causes.  The  size  of  the  perforation 
does  not  influence  the  results  of  the  appliance,  which,  however, 
often  acts  remarkably  well  when  the  opening  is  large  and  the 
stapes  exposed  and  freely  movable. 
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The  question  whether  the  artificial  appliance  will  prove  useful 
in  any  given  case,  even  if  the  external  conditions  appear  favoui- 
able,  can  be  determined  onh^  by  repeated  experiments.  These 
should  be  conducted  in  the  following  manner:  any  exudation 
should  be  removed  either  by  means  of  cotton-wool  or  by  syringing. 
AVhen  the  parts  have  been  thoroughly  dried,  the  hearing-power 
for  speech  should  be  tested.  The  artificial  membrane  is  then 
introduced  as  previously  directed,  and  the  test  is  again  applied. 
If  the  rubber  disk  be  used,  it  should  be  of  such  a  size  and  form  as. 
to  overlap  the  margin  of  the  opening;  and  before  introduction  it 
should  be  moistened  with  warm  water,  glycerine,  or  some  anti- 
sejDtic  solution. 

In  some  cases,  the  introduction  of  the  appliance  is  followed  by 
no  alteration  of  hearing-power,  but  by  pain  and  noises  in  the  ear. 
Under  such  circumstances,  it  is  well  to  alter  the  position  of  the 
artificial  membrane  or  to  try  other  appliances,  until  a  different 
result  is  ol^tained.  It  sometimes  happens  that  the  patient  is  able, 
after  a  little  instruction,  to  adjust  the  appliance  and  to  make  it  act 
satisfactorily.  When  this  result  has  been  achieved,  the  improve- 
ment in  the  hearing-power  is  often  very  considerable;  e.q..  a. 
I)atient  ^^■ho  previously  could  hear  spoken  words  perhaps  at  no 
greater  distance  than  15  or  20  inches,  can  now  hear  a  whisper- 
uttered  6—10  yards  off.  Such  an  improvement  is,  howeA'er 
nupossible  if  the  ossicles,  and  especially  the  stapes,  have  been 
rendered  all  but  immovable  by  adhesions.  Apparent  improve- 
ment in  bone-conduction  sometimes  results  from  the  use  of  one  of 
these  appliances. 

After  having  tried  several  forms  of  artificial  membrane,  that 
one  which  causes  the  most  improvement  should  be  selected  foi- 
use.  If  there  still  be  any  discharge  from  the  ear,  a  pellet  of 
cotton-wool,  which  can  be  impregnated  with  some  antiseptic  fluid 
wdl  be  found  the  most  suitable  appliance.  In  all  cases,  should 
any  signs  of  inflammation  appear,  the  appliance  must  be  disused 
for  a  few  days,  during  which  boric  acid  should  be  employed  by 
insufflation.  In  some  cases  the  application  of  an  artificial  tyni- 
panic  membrane,  though  not  materially  improving  the  hearing- 
power,  decidedly  alleviates  the  subjective  sensations,  and  is  a 
source  of  great  comfort  to  the  patient. 

(3)  Calcareous  Deposits  in  the  Tympanic  Membrane 

-Calcareous  deposits  are  frequent  results  of  various  aflections  of 
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tlie  tympanic  membrane,  e.f/.,  of  inflammation,  with  or  without 
the  formation  of  abscesses,  of  middle-ear  catarrh,  and  of  chronic 
purulent  inflannnation.  When  resulting  from  this  last  complaint, 
they  are  usually  associated  with  cicatrices  or  persistent  perfora- 
tions (Figs.  104.  111).  Their  presence  indicates  previous  infil- 
tration, the  result  of  inflammatory  processes.  The  deposited 
matters  have  not  been  absorbed,  but  have  undergone  calcareous 
metamorphosis,  in  which  amorphous  calcium  phosphate  has  been 
formed  with  more  or  less  pigment.  In  some  deposits  the  calcium 
phosphate  takes  the  form  of  crystals. 

These  calcareous  deposits  occur  as  patches  varying  in  size, 
either  isolated  or  collected  together,  so  as  to  form  more  or  less 
crescentic  masses  in  the  substance  of  the  tympanic  membrane  ; 
they  are  greyish-white,  like  chalk,  or  perhaps  somewhat  yellowish 
in  colour.  The  margin  towards  the  periphery  is  usually 
smooth,    whereas    the    concavitv.    towards    the    umbo,    is    often 


Fig.  111. 

The  Kight  Tympanic  Membrane  of  a  man,  aged  21  years,  the  svibjeet  of  chronic  middle-ear 
catarrh,  with  a  large  patch  of  calcareous  deposit  in  the  anterior  and  lower  part  of  the 
membrane. 

irregularly  serrate  or  dentate.  When  thick  they  cause  the 
internal  surface  of  the  membrane  to  become  uneven,  as  if  some 
fluid  plaster  had  been  poured  over  it  and  had  set  irregularly.  If, 
on  the  other  hand,  the  calcareous  masses  are  nearer  the  external 
surface,  they  form  little  elevations  thereon,  like  those  on  a  map 
in  relief.  Between  the  calcareous  portions  and  the  handle  of  the 
malleus,  and  likewise  between  the  former  and  the  circumference, 
the  membrane  is  generally  normal  in  character,  and  capable  of 
executing  vibrations.  It  very  rarely  happens  that  the  entire 
structure  is  infiltrated,  stiffened,  and  unyielding,  as  a  result  of 
calcareous  deposit.  Sometimes  small  calcareous  patches  are  found 
scattered  about  in  cicatrices ;  they  are  probably  developed  from 
infiltration  resulting  from  recurrence  of  inflammation  in  the 
part.  In  very  rare  instances  osseous  deposits  are  found  in  the 
membrane. 

Once   formed,   these    calcareous   deposits   remain   permanent ; 
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if  inflammation  of  the  membrane  takes  place,  and  the  external 
layer  becomes  relaxed  and  injected,  the  patches  appear  larger, 
yellowish-red  in  colour,  and  more  deeply  imbedded  in  the  sur- 
rounding- parts.  After  the  process  has  subsided,  the  deposits 
resume  their  former  appearance. 

There  are  no  special  subjective  symptoms  connected  with 
these  calcareous  patches  on  the  tympanic  membrane.  The  deaf- 
ness and  noises  in  the  ears,  not  infrequently  present,  are  probably 
due  to  changes  in  the  deeper  parts.  When,  however,  the  greater 
portion  of  the  membrane  is  occupied  by  calcareous  deposits,  its 
elasticity  and  capacit}^  for  vibration  will  be  much  impaired,  with 
diminution  of  hearing-power  as  a  direct  result. 

It  seldom  happens  that  any  treatment  is  required  for  calca- 
reous deposits  in  the  tympanic  membrane.  The  removal  of  such 
patches  may  cause  inflammation,  and  can  only  be  followed  by 
cicatricial  formation,  by  which  the  hearing-power  will  be  still 
more  impaired.  Operative  interference  is,  however,  justifiable 
when  the  entire  membrane  is  affected  by  the  deposit,  provided 
that  the  stapes  be  movable,  and  bone-conduction  be  little,  if  at  all, 
impaired.  Under  such  circumstances,  improvement  may  be 
effected  by  excising  the  tympanic  membrane  and  the  malleus. 
Medical  treatment,  whether  local  or  general,  has  no  effect  on 
such  deposits. 

Thickening  of  the  Tympanic  Membrane. — This  condition,  which 
is  by  no  means  infrequent,  is  distinguished  from  calcareous 
deposit  by  the  fact  that  the  diseased  portions  are  not  so  clearh^ 
circumscribed,  and  are  less  white  in  tint.  The  thickening  is  due 
to  increased  volume  of  tissue,  either  epithelial  or  connective,  or 
to  deposit  of  molecular  detritus ;  it  may  affect  any  layer  of  the 
membrane,  or  all  of  them  to  the  same  extent ;  it  is  apt  to  be  most 
marked  in  the  membrana  propria,  and  it  may  be  either  diffused 
or  limited  to  certain  spots  or  zones. 

The  thickening  more  or  less  modifies  the  transparency  of 
the  membrane,  and  causes  it  to  become  cloudy ;  the  affected 
spots  have  a  whitish,  milk3\  or  tendinous  appearance.  This 
change  sometimes  causes  a  whitish  semi-circle  to  be  distinguish- 
able ;  it  begins  at  the  short  process,  and  passes  downwards  and 
backwards,  and  thence  into  the  anterior  inferior  quadrant.  In 
other  cases,  it  forms  a  complete  circle.  In  old  persons,  the  lower 
half  of  the  membrane  is  sometimes  thus  marked. 

28 
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Opacity  of  the  t3'inpanic  membrane  is  not  infrequently  caused 
by  new  formations  of  connective  tissue  within  the  cavity.  These 
take  the  form  of  bands  or  false  membranes,  extending  from  the 
tympanic  walls  or  ossicles  to  the  internal  surface  of  the  membrana 
tympani,  and  the  opacities  they  cause  var}^  in  size  according  to 
their  form  and  the  extent  of  surface  to  which  they  are  attached. 
In  all  such  conditions,  the  lustre  of  the  membrane  and  the 
reflection  of  light  may  remain  unchanged;  it  is  only  when 
the  epidermis  of  the  cutis  is  insufficient^  illuminated  (as  in 
young  children)  or  much  increased  (as  in  old  persons)  that 
the  external  surface  of  the  membrane  has  a  dull,  lustreless 
appearance. 

Permanent  opacities  of  the  tympanic  membrane  have  to  be 
distinguished  from  similar-  appearances  due  to  the  presence  of 
morbid  products  within  the  cavity,  such  as  accompany  the  various 
catarrhal  and  inflammatory  affections  already  described.  The 
history  of  the  case,  and  the  fact  that  the  opacity  is  confined  to 
or  most  marked  in  the  lower  part  of  the  tympanic  membrane, 
and  undergoes  various  alterations  when  the  tympanum  is  inflated, 
will  serve  to  distinguish  the  two  conditions. 

It  remains  to  add  a  few  words  on  an  opposite  condition  of 
the  membrana  tympani,  viz.,  loss  of  substance,  which  sometimes 
occurs  in  patches,  either  alone,  or  while  thickenings  exist  in  other 
portions  of  the  membrane.  The  change  principally  affects  the 
membrana  propria,  the  fibres  of  which,  once  destroyed,  are  not 
renewed.  The  nutritive  disorder  which  produces  this  result  may 
be  of  a  subacute  inflammatory  character,  with  infiltration  as  a 
consequence  ;  or  it  may  be  attendant  upon  abnormal  conditions 
of  pressure  and  tension,  the  effects  upon  the  membrane  being 
the  degeneration  of  its  fibres,  molecular  disintegration,  fatty 
changes,  and  absorption.  Atrophy  is  the  ultimate  result,  and 
the  affected  portions  of  the  membrane  are  therefore  thinner  and 
less  resistant.  If  the  wasting  process  be  of  a  more  rapid  cha- 
racter, and  attended  Mith  exudation  into  the  tissue  of  the 
membrane  and  softening,  the  process  is  apt  to  involve  all  the 
layers,  and  perforation  is  the  necessary  consequence. 

In  atrophic  processes,  such  as  those  just  described,  only  small 
islets  of  the  membrane  may  be  affected,  or  the  greater  portion 
thereof  may  be  involved,  and  between  the  two  extremes  there  are 
many  intermediate    degrees.     The    atrophied    portions    are   more 
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transparent,  have  a  darker  look,  and  are  below  the  level  of  the 
adjacent  parts.  They  are  darker,  because  when  light  impinges 
upon  them  onl}'  a  smaller  portion  is  reflected,  the  greater  part 
being  transmitted.  The  inner  wall  of  the  tympanum  is  not, 
however,  a  good  reflecting  surface,  and  therefore  less  light  reaches 
the  eye ;  this  diminished  reflection  causes  the  atrophied  spots  to 
appear  darker,  as  compared  with  the  parts  immediately  surround- 
ing them.  The  alteration  in  the  level  of  the  affected  spots  and 
their  depressed  position  are  due  to  the  absence  of  the  membrana 
propria.  Hence  they  offer  less  resistance  to  the  pressure  of  the 
atmosphere  and  become  concave.  Such  circumscribed,  dark,  and 
depressed  spots  may  be  mistaken  for  perforations.  A  similar 
mistake  may  also  be  made  when  the  whole  membrane  is  in  a 
marked  state  of  atrophy,  so  that  the  inner  wall  of  the  tympanum 
becomes  clearly  visible. 

The  movements  of  these  atrophied  spots  during  the  respiratory 
-acts  and  under  the  influence  of  the  air-douche  are  the  same  with 
those  that  take  place  in  relaxed  cicatrices  under  similar  circum- 
stances (see  page  420). 

ri)    Adhesions    between    the    Membrane    and    the 

Inner  Wall  of  the  Tympanum. — These  are  a  frequent  result 
of  chronic  middle-ear  suppuration  :  the  remains  of  the  membrane, 
the  margin  of  the  perforation  or  the  cicatrix  itself  become 
adherent  to  the  wall  or  to  the  contents  of  the  cavity.  In  the 
majority  of  cases  union  takes  place  between  the  central  portion 
of  the  membrane  and  the  promontory,  or  between  the  posterio 
superior  quadrant  and  the  long  process  of  the  incus.  Small 
cicatrices  rarely  become  thus  adherent  ;  but  in  exceptional  cases, 
the  upper  and  posterior  part  of  the  membrane  is  found  attached 
to  the  articulation  between  the  incus  and  stapes.  Adhesions  of 
any  kind  are  generally  formed  during  the  continuance  of  the 
secretion.  When  they  are  complete,  the  discharge  sometimes 
ceases  altogether;  but  suppuration  may  continue  in  certain  por- 
tions of  the  tympanum  and  come  to  a  standstill  in  others. 

Adhesions  between  the  membrane  and  the  inner  wall  of  the 
tympanum,  or  the  long  process  of  the  incus,  are  for  the  most 
part  easily  diagnosed.  When  either  the  air-douche  is  used  or  the 
air  in  the  meatus  is  rarefied  by  means  of  Siegle's  speculum,  the 
adherent  portions  appear  to  be  still  more  depressed.  Before  the 
air-douche  is  employed,  the  membrane,  as  seen  from  the  meatus. 
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is  decidedly  drawn  inwards,  wliile  the  handle  of  the  malleus  is 
displaced  in  the  same  direction,  and  drawn  more  or  less  forwards 
or  backwards  in  different  cases.  Sometimes  it  lies  horizontally 
across  the  upper  part  of  the  cavity.  AMien  the  membrane  is 
adherent  to  the  promontory,  the  attached  portion  appears  as  a 
yellowish  disk  with  an  indistinct  margin.  The  attachment  may 
be  either  direct,  or  by  means  of  connective  tissue :  in  the  latter 
case  the  depression  is  less  marked,  and  the  spot  is  opaque  and 
whitish,  rather  than  yellowish  in  colour.  Adhesion  between  the 
long  process  of  the  incus  and  the  membrane  appears  as  a  yel- 
lowish-white streak,  and  when  the  malleus  is  connected  by  bands 
with  the  lower  extremity  of  the  incus,  a  patch  of  the  same  tint 
can  sometimes  be  recognised. 

The  appearances  as  just  described  alter  considerably  after  air 
has  been  injected  into  the  tympanum.  If  the  adhesion  be  suf- 
ficiently close  effectually  to  resist  the  force  of  the  air,  no  change 
will  be  noticed  in  the  appearance  of  the  spot  itself,  but  the 
membrane  at  the  circumference  will  be  forced  more  or  less 
outwards,  and  ^^■ill  reflect  the  light  differently.  If  the  result  of 
the  injection  be  to  separate  the  membrane  from  its  attachment 
and  to  break  up  adhesions,  the  abnormal  concavity  will  to  a 
great  extent  disappear,  and  a  reddish  tint  may  be  noticeable,  due 
to  escape  of  blood  from  ruptured  vessels. 

Politzer  recommends  that  a  probe  should  be  used  to  assist  in 
the  diagnosis  of  adhesions.  If  any  portions  of  the  membrane  fail 
to  move  when  air  is  injected  or  when  Siegle's  speculum  is  used,  and 
a  firm  osseous  basis  can  be  felt  with  the  probe,  it  maj^  be  inferred 
that  the  cicatrix  is  directly  connected  A\ith  the  bony  wall.  It  must, 
however,  be  remembered  that  thickened  and  calcified  portions  of 
the  membrane  will  appear,  when  touched,  as  hard  as  bone. 

The  manner  in  which  light  is  reflected  also  serves  to  guide 
the  diagnosis.  When  the  lo^ver  portion  of  the  membrane  is 
adherent  to  the  inner  wall  of  the  tympanum,  the  normal  cone 
of  light  is  decidedly  enlarged.  When  the  posterior  segment  of 
the  membrane  is  adherent,  the  light  is  reflected  from  a  triangular 
spot,  the  apex  of  which  corresponds  with  the  extremity  of  the 
handle  of  the  malleus,  while  the  base  is  towards  the  promontorj^ 
If  this  cone  of  light  remain  unaltered  ^^■hen  the  membrane  is 
forced  outwards  by  the  air-douche,  there  can  be  no  doubt  as  to 
the  existence  of  adhesions. 
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When  the  membrane  is  attached  by  connective  tissue  to  the 
inner  wall,  and  is,  therefore,  somewhat  movable,  the  diagnosis 
becomes  more  difficult.  Inflation  of  the  tympanum  may,  in  such 
a  case,  cause  the  membrane  to  bulge  outwards  and  produce  a 
decided  change  in  the  reflection  of  the  light,  but,  unless  the 
movement  be  somewhat  considerable,  there  will  be  no  marked 
depression  corresponding  with  the  adherent  spot.  Appearances 
similar  to  those  caused  by  adhesions  may  also  be  due  to  increased 
tension  of  portions  of  the  membrane.  When  air  is  forced  into  the 
tympanum,  such  portions,  being  more  resistant  to  pressure,  remain 
below  the  surface  of  the  membrane  generally,  as  is  the  case  with 
adhesions.  Wlien  this  condition  is  noticed  and  the  depressed 
spot  is  at  the  same  time  opaque,  the  question  whether  adhesions 
exist  will  be  very  difficult  to  determine. 

The  adhesions  which  are  formed  loetween  various  portions  of 
the  tympanum  are  liable  to  produce  great  alterations  in  the  con- 
dition of  the  cavity.  The  latter  is  often  divided  into  irregular 
spaces,  either  communicating  with  or  shut  off"  from  each  other ; 
and  the  opening  into  the  Eustachian  tube  and  into  the  mastoid 
antrum  may  be  completely  occluded  by  false  membrane.  Spaces 
of  this  kind,  formed  in  the  tympanum  and  shut  off"  from  the  air, 
become  filled  with  epithelial  debris  and  particles  of  cholestearin. 
As  a  matter  of  course,  the  size  of  the  cavity  is  much  reduced  by 
the  connective-tissue  formations,  which  not  only  extend  across  it, 
but  sometimes  fill  up  the  depressions  so  as  completely  to  obliterate 
them.  As  a  further  result,  the  bands  and  layers  of  connective 
tissue  sometimes  become  ossified  or  indurated  from  calcareous 
deposits,  and  produce  ankylosis  of  the  ossicles  and  rigidity  of  the 
fenestra  rotunda,  with  serious  impairment  of  hearing-power  as  a 
necessary  result. 

In  these  cases  of  adherent  cicatrices  of  the  membrana  tympani, 
the  degree  in  which  the  hearing-power  is  affected  varies  with  the 
condition  of  the  ossicles  and  fenestrge.  The  impairment  is  least  in 
those  cases  in  which  only  that  part  of  the  membrane  which  is 
below  the  handle  of  the  malleus  is  adherent  to  the  inner  wall. 
When,  however,  the  upper  portion  is  affected  and  the  handle  of 
the  malleus  is  drawn  inwards  and  united  with  the  promontory, 
and  the  incus  and  stapes  are  adherent  to  the  membrane,  the 
obstacles  to  the  conduction  of  sound  will  necessarily  be  very  great. 
iSome   compensation  occurs  in  those  cases  in    which   the    stapes, 
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lliouiili  separated  from  tlu^  incus,  becomes  adherent  to  the 
membrane ;  sound  is  then  conducted  from  the  latter  to  the 
bone   in   contact   witli   it. 

Treatment  of  Adhesions. — AMien  the  hearing-power  is  decidedly 
impaired,  and  no  improvement  results  from  inflation  and  other 
methods  already  described,  division  of  the  adherent  tissues  may 
prove  successful.  Obstinate  subjective  sensations  are  also  some- 
times relieved  by  operations  of  this  kind,  which  are,  however, 
contra-indicated  when  bone-conduction  is  lost  or  considerably 
diminished. 

The  indications  for  operative  treatment  are  by  no  means  clearlj^ 
defined  ;  thej'  are  summed  up  as  follows  by  Politzer,  who  has 
operated  repeatedly  Avith  a  fair  amount  of  success  : — 

(1)  When  adhesions  exist  between  the  membrana  t^^npani 
and  the  inner  wall  ;  when  the  surface  of  the  former  is  marked 
b}'  irregular  depressions  and  bar-like  ridges,  while  the  ossicles  are 
immovable  and  the  hearing-power  is  much  impaired.  The  con- 
dition of  the  membrane  remains  unchanged  when  the  air  is 
rarefied  in  the  meatus.  Under  such  circumstances,  the  operation 
consists  in  dividing  the  ridges  at  right  angles  to  their  course ;  one 
or  two  incisions  are  made  with  a  small  knife  rounded  off  at  its 
extremity,  and  are  carried  down  to  the  promontory.  Politzer 
states  that  he  obtained  favourable  results  in  cases  in  which 
band-like  ridges  extended  between  the  handle  of  the  malleus 
and  the  articulation  between  the  incus  and  stapes.  The 
edges  of  the  incisions  are  apt  to  unite  soon  after  the  operation, 
the  result  of  AA'hich  is  sometimes  permanent,  but  sometimes 
temporary. 

(2)  AYhen  the  lower  end  of  the  handle  of  the  malleus  is  united 
with  the  wall  of  the  promontory,  so  that  the  incus  and  stapes  are 
drawn  inwards,  there  is  serious  impairment  of  hearing,  which  ma}^ 
however,  be  relieved  by  several  incisions,  made  at  right  angles, 
into  the  cicatricial  tissue,  near  the  extremity  of  the  handle  of  the 
malleus.  The  operation  will  prove  useless,  if  the  latter  bone  and 
the  incus  be  imbedded  in  connective  tissue.  If,  in  such  cases,  the 
articulation  between  the  stapes  and  incus  be  exposed,  and  the 
condition  be  improved  when  pressure  is  made  with  a  probe,  the 
inference  may  be  drawn  that  the  adherence  of  the  malleus  to  the 
promontory  keeps  the  remaining  ossicles  in  a  tense  condition.  To 
remedy  this,  and  to  release  the  stapes.  Politzer  divides  the  long 


ADHESIONS.  439 

process  of  the  incus  b}^  means  of  a  pair  of  small  scissors,  having 
blades  4mm.  long  and  Hmm.  wide.  One  blade  is  fixed,  while 
the  other  moves  with  a  lever  action.  Tlie  scissors,  fitted  into  an 
appropriately  curved  handle,  with  the  blades  closed,  are  passed 
in  a  horizontal  direction  towards  the  long  process  of  the  incus, 
and  then  opened,  pushed  forward,  and  closed.  After  the  opera- 
tion, in  order  to  prevent  union,  a  probe  is  used  to  push  the 
upper  end  of  the  bone  backwards  and  upwards ;  some  amount 
of  force  is  necessary  for  this  purpose.  The  position  of  the 
bone  cannot  be  altered  when  there  is  much  connective  tissue 
in  the  upper  tympanic  spaces,  or  when  there  is  ankylosis  of 
the  incus. 

(3)  AVhen  the  movements  of  the  stapes  are  interfered  with  by 
fibrous  connective  tissue  in  the  posterior  superior  quadrant  of  the 
promontory,  and  in  the  pelvis  ovalis.  In  these  cases,  a  horizontal 
incision  is  carried  below  the  head  of  the  stapes,  dividing  the 
cicatricial  tissue  and  releasing  the  bone  to  some  extent.  If  little 
or  no  improvement  result,  another  incision  should  be  made, 
parallel  to  the  former,  but  above  the  head  of  the  stapes.  If  the 
tendon  of  the  stapedius  muscle  be  imbedded  in  the  cicatricial 
tissue  in  the  niche  of  the  fenestra  ovalis,  and  is  visible  on  the 
surface  of  the  cicatrix  as  a  whitish  band,  extending  backwards 
from  the  head  of  the  stapes,  an  incision  through  the  new  tissue 
will  include  the  tendon,  and  it  should  be  carried  at  right  angles  to 
its  course.  Other  methods  are  required  for  cases  in  which  no 
opening  exists  in  the  tympanic  membrane,  but  its  tissue  is  so 
changed  as  to  allow  bands  of  false  membrane  to  be  visible  through 
it,  and  no  alteration  is  produced  either  by  the  air-douche  or  by 
aspiration.  If  an  operation  be  decided  upon,  the  first  step  is  to 
make  an  opening  in  the  membrane  with  a  paracentesis  needle 
close  to  the  spot,  where  the  band  appears  to  be  attached.  A 
tenotome,  suitably'  curved  near  its  apex,  is  passed  through  this 
opening,  and  the  band  is  then  divided.  Wreden's  instrument 
consists  of  a  lancet-headed  needle,  bent  close  to  its  apex  nearly  to 
a  right  angle,  and  having  a  very  sharp  edge  all  round.  The 
needle  is  attached  to  a  handle,  and  can  be  fixed  in  any  position  by 
means  of  a  screw-arrangement. 

Separation  is  usually  attended  with  great  difficulties  when 
portions  of  the  membrane  are  closely  applied  to  the  inner  wall 
and   firmly  adherent.     The   method  of  operating  is  to  make  an 
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incision  just  outside  tlie  margin  of  the  adherent  spot,  and  then 
to  introduce  a  curved  needle  terminating  in  a  flattened  extremity, 
resembling  a  very  small  sharp  spoon.  An  American  surgeon, 
Dr.  I'rout,*  divides  adhesions  between  the  membrane  and  the 
pi'omontor}'  with  a  very  small  iridectomy  knife,  having  a  long 
liandle.  He  allows  the  adherent  portion  to  remain,  and  thus 
establishes  a  permanent  opening  in  the  membrane.  In  a  case 
thus  treated,  hearing-power  for  the  voice  was  much  improved  by 
the  operation.  "A  year  afterwards,  the  opening  in  the  membrane 
remained  of  the  original  size ;  the  cavit}^  of  the  tympanum  was 
dry ;  the  watch  was  heard  when  pressed  upon  the  auricle — before 
the  operation  it  was  not  heard  at  all — ordinary  conversation  \\as 
readily  heard  at  the  distance  of  t\\'enty  feet."  Chronic  suppura- 
tive inflammation  was  the  result  in  another  case. 

Dr.  H.  Schwartzet  maintains  that  in  the  large  majorit}^  of 
cases,  the  operations  above  referred  to  have  proved  unsuccessful. 
Antiseptic  precautions  render  them  almost,  if  not  altogether,  free 
from  danger ;  but  the  improved  hearing-power  obtained  in  the 
most  favourable  cases  is,  for  the  most  part,  transient.  Adhesion 
again  takes  place,  and  the  deafness  and  subjective  sensations 
exhibit  no  change.  The  best  results  are  witnessed  after  the 
division  of  tight  cord-like  bands,  whose  insertion  into  the  mem- 
brane or  handle  of  the  malleus  is  distinctly  visible  through  the 
former  structure.  Adhesions  between  the  promontory  and  the 
malleus  are  especiall}'  suitable  for  operation.  Should  reunion 
take  place,  complete  excision  of  the  malleus  is  the  only  method 
of  treatment  likely  to  prove  successful. 

*  Roosa's  Treatise  on  Diseases  of  the  Ear,  p.  433. 
t  Handhucli  der  OJtrenheilkunde,  Bd.  II.  S.  766. 
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CHAPTER   XXX. 

CONSEQUENCES  AND  SEQUELAE  OF  CHRONIC  MI1)DLE-EAK 
SUPPURATION. 


Formation  of  Cholesteatomatous  Masses  in  the  Tympanic  Canities — The 
Growth  of  Polypi — Caries  and  Necrosis  of  the  Temporal  Bone — 
Extension  of  Inflammation  to  the  Mastoid  Process  and  Cells — 
Cholesteatoma  of  the  Tympanum,  Natm'e  and  Pathology — Yirchow's 
Views— Theories  Advanced  by  Troltsch,  Habermann,  and  Politzer — 
Symptoms  and  Consequences — Diagnosis — Prognosis — Treatment. 

In  the  account,  given  in  a  previous  chapter,  of  chronic  middle- 
ear  suppuration,  reference  ^^'as  made  to  the  fact  that  the  disease  is 
very  prone  to  lead  to  further  consequences  and  changes,  some  of 
which  affect  particularly  the  structures  of  the  organ  of  hearing, 
while  others  involve  various  parts  more  or  less  closely  connected 
therewith.  In  this  and  in  three  succeeding  chapters,  a  descrip- 
tion will  be  given  of  those  consequences  which  ma}"  be  included 
in  the  first  category ;  in  subsequent  pages,  those  which  belong  to 
the  second  will  be  dulj'  considered. 

The  principal  consequences  and  sequelae  which  implicate  the 
organ  of  hearing  are  four  in  number,  and  will  be  described  in  the 
following  order:  (1)  The  formation  of  cholesteatomatous  masses 
in  the  tympanic  cavities.  (2)  The  gTo\\i:h  of  polypi.  (3)  Caries 
and  necrosis  of  the  osseous  walls  of  the  ear  and  other  parts  of  the 
temporal  bone.  (4)  Extension  of  inflammation  to  the  mastoid 
process  and   cells. 
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Nature  and  Patholo^. — As  a  result  of  chronic  purulent  in- 
flaniniation  of  the  middle  ear,  soft  masses  are  sometimes  found 
to  occupy  the  tympanum  and  the  mastoid  cells.  Owing  to  the  fact 
that  such  masses  contain  cholesterine  and  fatty  materials,  the 
term  chuledeatoiyia  has  been  generall}-  applied  to  them.  This 
name  was  introduced  by  J.  Miiller  more  than  fifty  years  ago  :  he 
regarded  the  masses  as  tumours,  without  blood-vessels,  encap- 
sulated b}^  a  thin  membrane,  and  composed  of  cellular  elements, 
arranged  in  layers.  The  cholesterine  found  between  the  layers 
of  these  pearly-white  tumours  was  considered  as  essential  and 
characteristic,  and  as  distinguishing  them  from  other  fatty  growths. 

Virchow's  view  of  the  nature  of  these  masses  is  altogether 
different.  He  regards  them  as  epithelial  neoplasms,  made  up  of 
polj'gonal.  flat,  non-nucleated  epidermoid  cells,  with  cholesterine 
crystals  lying  between  them.  Whether  occurring  in  the  temporal 
bone  or  elsewhere,  they  are  heteroplastic  formations,  and  in  this 
respect  differ  from  atheroma.  They  are  most  common  in  the 
temporal  bone,  and  especialh'  in  the  upper  and  outer  portion  of 
the  tympanic  cavity  towards  the  cells  of  the  mastoid  process,  the 
recessus  epitymiianicits  (or  the  aclitus  ad  antii.iin).  At  first  the 
gro^^i:h  is  entirely  inclosed  in  the  bone,  and  it  may  continue 
thus  limited ;  but  it  often  distends  the  bony  cavity,  causes  ab- 
sorption, and  finally  perforates  the  bone  into  the  tympanum,  or 
the  external  auditory  canal,  or  reaches  the  surface  of  the  mastoid 
process,  or  breaks  into  the  middle  or  posterior  cranial  fossa.  The 
absorption  of  the  bone  may  cause  no  spnptoms,  but  inflammatory 
processes  are  apt  to  arise,  the  bone  becoming  carious  and  the 
neoplasm  undergoing  more  or  less  disintegration.  As  results  of 
extension  of  inflammation,  the  membrane  or  canal  ma}'  be  per- 
forated and  otorrhoea  mav  set  in.  If  the  growth  extend  towards 
the  cranium,  it  may  induce  phlebitis  of  the  lateral  sinus,  with 
thrombosis,  meningitis,  or  cerebritis. 

An  entirely  different  view  of  the  origin  of  these  masses  has 
been  put  forth  by  v.  Troltsch*  and  others.  They  are  regarded  as 
epithelial  accumulations,  in  which  the  cells  have  been  transformed 
from  the  cylindrical  to  the  flattened  kind,  the  change  being  the 
result  of  pressure  exercised  by  the   inspissated  and  degenerated 

*  Archil-  f.  Olirenlicilhiindr,  vol.  iv.  p.  97. 
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pus  cells,  or  of  injurious  influences  acting  throuoh  the  perforated 
membrane. 

Accordino-  to  Prof.  Habermann.*  whose  views  have  been 
adopted  by  Politzer,  the  formation  of  cholesteatoma  is  due  to  the 
oTowth  and  development  of  the  epidermis  of  the  external  meatus 
or  of  the  membrana  t^mipani.  and  the  occupation  by  such  g•ro^^■th 
of  the  spaces  of  the  middle  ear.  During  chronic  inflammation  of 
the  lining  membrane  of  the  tympanum,  there  is  active  prolifera- 
tion of  the  epidermis  of  the  membrana  tympani  and  of  the  adjacent 
portion  of  the  meatus.  This  process  not  infrequently  extends 
over  the  margin  of  a  perforation  to  the  ulcerated  mucous  mem- 
brane of  the  middle  ear.  and  thus  not  only  the  tympanum,  but  the 
mastoid  antrum  becomes  coated  with  epidermis,  and  then,  if  the 
inflammation  ceases,  healing  takes  place.  If.  however,  the  process 
continue,  and  be  accompanied  by  more  active  proliferation  of  the 
cells  of  the  Malpighian  layer,  these  latter  will  enormously  increase. 
and  the  horny  layers  will  become  detached  and  removed  through 
the  meatus.  Should  removal  not  take  place,  the  cells  (accumu- 
lating in  layers  for  the  most  part  concentric)  will  form  masses 
corresponding  in  size  and  shape  to  the  spaces  they  occupy,  and 
such  masses  constitute  a  cholesteatoma. 

According  to  this  view,  a  cholesteatoma  represents  a  sac-like 
growth  of  the  epidermis  of  the  membrane  or  of  the  meatus  into 
the  middle  ear,  and  it  is  to  be  observed  that  from  a  mass  of  this 
kind,  sac-like  prolongations  may  branch  ofl"  and  occupy  spaces 
near  at  hand.  Habermannt  o-ives  a  drawino-  of  a  cholesteatoma 
of  the  mastoid  antrum,  formed  by  the  growth  of  epidermis  in  the 
vicinity  of  the  memhrnna  fiaccidn.  From  the  primary  formation, 
a  branch  extended  and  filled  the  space  between  the  malleus  and 
the  incus  on  the  one  side,  and  the  inner  wall  of  the  cavity 
on  the  other.  A  large  strip  of  its  external  surface  is  covered  l)y 
cj'lindrical  epithelium.  These  lateral  prolongations  are  probably 
due  to  the  development  of  plug-shaped  portions  from  the  ^lal- 
pighian  layer,  which  then  become  hardened  in  their  centres — a 
process  similar  to  that  which  sometimes  occurs  in  polypoid 
growths.  The  so-called  "  epithelial  i)earls,"  sometimes  formed 
on  the  membrana  tympani.  and  on  cicatrices  after  perforation. 
have  a  similar  origin.   - 

*  Arcliir  f.  Ohrciihe'dhiiiule,  vol.  xxvii.  p.  42. 

t  Dr.  H.  Schwartze's  Hamlhuvh  dvr  Ohrvnhcintnndc,  S.  257. 
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There  are,  therefore,  two  principal  theories  as  to  the  origin  of 
eholesteatoniata  in  the  middle  ear.  Mrchow  believes  them  to  be 
always  true  heteroplastic  formations.  Otlier  authorities  believe  that 
they  become  developed  in  the  course  of  chronic  suppuration  in  the 
middle  ear  from  epidermis,  which  has  extended  therein  from  the 
perforated  membrane  or  the  external  auditory  canal,  and  which 
has  slowly  and  continually  kept  shedding  its  horny  layer,  thus 
forming  a  stratified  mass. 

Cholesteatomata,  made  up  of  concentric  lamellae,  appear  to  be 
destitute  of  a  membranous  capsule,  differing  in  this  respect  from 
true  pearly  tumours.  The  spaces,  however,  which  they  occupy, 
are  usually  lined  by  a  delicate,  shining  membrane. 

Symptoms  and  Consequences. — The  presence  of  these  masses 
in  the  cavities  of  the  middle  ear  may  be  attended  with  very 
serious  results.  Owing  to  their  peculiar  structure,  they  are  espe- 
cially liable  to  be  acted  upon  and  increased  in  size  by  the  infiltra- 
tion of  fluid  matters,  and  they  are,  moreover,  constanth^  growing 
by  additions  from  without.  The  slight  but  continuous  pressure 
on  the  walls  of  the  cavities  tends  to  cause  atroph}^  and  even  losr. 
of  substance  and  the  formation  of  gaps.  Openings  may  thus  be 
formed  into  the  large  vascular  channels,  and  into  the  cavity  of  the 
skull.  AVhen  the  mastoid  cells  are  occupied  by  cholesteatoma, 
openings  may  form  in  the  posterior  wall  of  the  meatus,  or  pro- 
longation of  the  gro^^'th  may  take  place  into  the  "  attic,"  and 
thence  through  Shrapnell's  membrane.  In  some  cases,  the  massetJ 
undergo  decomposition,  with  pyaemia  or  suppuration  within  the 
cranium  as  results.  Micro-organisms  are  invariably  present,  and 
all  the  conditions  are  favourable  to  their  growth  and  development. 
The  formation  of  cholesteatoma  is  most  often  observed  in  scrofulous 
and  tuberculous  subjects,  who  are  especially  prone  to  sufier  from 
chronic  suppurative  disorders  of  the  middle  ear. 

Cholesteatomatous  formations  may  continue  for  some  time  in  a 
quiescent  state,  without  causing  any  very  marked  sj^mptoms. 
Sooner  or  later,  however,  they  will  produce  more  or  less  deafness, 
tinnitus,  and  discomfort  in  the  ear.  Febrile  sjmiptoms,  due  to  re- 
tention of  purulent  discharge,  giddiness,  and  vomiting  are  not 
infrequently  superadded.  The  severity  of  the  sj'mptoms  is  in- 
creased from  time  to  time,  owing  doubtless  to  swelling  of  the 
masses.    This  result  is  sometimes  witnessed  after  S3"ringing  the  ear. 

Diagnosis. — The   nature   of  the  case    can  be  positivel}^  deter- 
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mined  only  when  cholesteatoniatous  masses  are  visible  in  the 
meatus  or  tympanum,  or  when  fragments  of  the  same  are  removed 
by  syringing.  Characteristic  portions  can  occasional!}'  be  removed 
with  a  probe  or  scoop.  It  sometimes  happens  in  these  cases  that 
the  examination  is  rendered  very  difficult  by  swelling  of  the 
posterior  and  upper  wall  of  the  meatus,  to  such  a  degree  as  to 
occlude  a  large  portion  of  the  canal.  A  good  light  and  the 
greatest  care  are  necessary  during  the  examination.  When  the 
gro\\"th  occupies  the  mastoid  antrum  and  cells,  there  are  often 
signs  of  inflammatory  irritation  and  swelling  of  the  adjacent  parts. 

The  Prognosis  is  always  more  or  less  grave,  by  reason  of  the 
danger  that  exists  of  the  growth  breaking  through  the  bony  walls 
and  setting  up  mischief  in  important  structures.  The  formation 
of  cholesteatoma  may  go  on  for  some  time  \\'ithout  causing  an}' 
decided  symptoms.  Retention  of  purulent  matters  is  indicated 
by  pain  in  the  head,  great  tenderness  of  the  parts  about  the  ear, 
rigors,  giddiness,  fever,  and  vomiting.  Openings  may  form  in 
various  directions,  e.g.,  into  the  external  meatus,  through  the 
posterior  wall  ;  externally,  through  the  mastoid  portion ;  into- 
the  labyrinth,  the  lateral  sinus,  or  into  the  middle  or  posterior 
fossa.  Of  these  possibilities,  an  external  opening  is  the  only 
favourable  course.  Pyaemia,  menino-itis.  or  cerebral  abscess  ma^' 
be  set  up  in  the  event  of  implication  of  other  portions  of  the 
temporal  bone.  The  prognosis  is  decidedly  influenced  by  the 
deo-ree  of  facility  with  ^^'hich  the  removal  of  fra^'ments  and  dis- 
infection  of  the  cavity  can  be  eff*ected.  80  long  as  any  portion 
remains  there  is  danger  of  infection,  ^^'hich  is  reinforced  by  the 
tendency  to  fresh  formations. 

Treatment. — This  consists  in  the  removal  of  the  mass  and  the 
application  of  antiseptic  and  other  remedies  to  the  cavities  it 
occupied.  When  the  tympanic  membrane  has  been  completely 
destroyed,  it  may  be  possible  to  remove  the  entire  growth  ^^  ith 
the  aid  of  a  blunt  hook.  Fragments  and  detached  portions  are 
difficult  to  deal  with,  but  sometimes  they  can  be  drawn  out  by 
means  of  the  forceps.  If  they  cannot  be  reached  from  the  meatus, 
careful  syringing  or  irrigation  should  be  practised,  with  the  aid. 
if  necessar}',  of  the  tympanic  irrigator  (Fig.  98,  page  105).  After 
these  attempts  the  parts  should  be  thoroughly  dried,  and  sub- 
sequently dusted  over  with  iodoform.  Any  existing  granulations 
or    polypoid    growths    should   be  carefully  removed  or  otherwise 
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treated.  So  long  as  these  remain  reaccumulation  is  certain  to 
take  place.  It'  the  opening  in  the  membrane  be  so  small  as  to 
prevent  the  escape  of  debris,  it  should  be  carefully  enlarged  with 
the  paracentesis  knife.  If  an  opening  has  formed  in  the  wall  of 
the  meatus  or  of  the  mastoid  process,  removal  of  portions  of  the 
mass  may  be  thence  effected.  Should  head-s^Tiiptoms  supervene, 
the  proper  treatment  is  to  open  the  mastoid  process  and  to  scrape 
away  the  contents  of  the  mastoid  antrum.  The  same  operation 
is  indicated*  whenever  there  are  signs  of  inflammation  in  the 
mastoid  region,  and  when  there  is  persistent  and  foetid  otorrhoea. 
It  may.  indeed,  as  Dr.  Bezold  points  out.  be  necessary  to  repeat 
the  operation.  Excision  of  the  malleus  and  incus,  both  of  which 
are  often  more  or  less  carious,  has  been  performed  with  success 
in  cases  of  cholesteatoma.  Bezold  recommends  the  subsequent 
insufflation  of  boric  acid.  He  considers  that  an  etiological  relation 
probably  exists  between  catarrh  of  the  tubes,  perforation  of 
Shrapnell's  membrane,  and  cholesteatomatous  formations.  The 
development  of  these  latter  may  therefore  be  prevented  by  the 
adoption  of  Politzer's  method  of  inflating  the  middle  ear.  and  by 
the  removal  of  adenoid  growths  from  the  naso-pharynx. 

There  is  another  way  of  acting  upon  these  accumulated 
masses,  viz..  by  injecting  fluids  through  the  Eustachian  tube 
into  the  tympanum,  and  this  plan  is  especially  useful  in  cases 
in  which  any  obstructions  exist  in  the  meatus.  Rapid  injection 
is  to  be  avoided,  inasmuch  as  it  is  liable  to  cause  giddiness,  pain, 
and  various  other  symptoms.  When  carefully  performed  great 
quantities  of  accumulations  can  sometimes  thus  be  removed  fi*om 
the  tympanum,  and  the  immediate  results  of  their  removal  are 
often  veiy  satisfactory.  Not  only  is  relief  obtained  from  such 
symptoms  as  pain,  headache,  feelings  of  pressure,  fulness,  etc.. 
but  far  more  serious  manifestations — ejj..  giddiness,  vomiting, 
rigors,  and  facial  paralysis — may  completely  subside.  After 
thorough  cleansing  and  drying  the  ear.  it  is  well  to  instil  a  few 
drops  of  alcohol  from  time  to  time,  as  little  diluted  as  can  be 
borne,  with  the  view  of  checking  epithelial  desquamation.  Such 
patients  should,  however,  be  frequently  seen  by  the  surgeon, 
so  that  proper  steps  may  be  taken  to  prevent  recurrence  of 
accumulations. 

*  On  the  "Treatment  of  Cholesteatomata  of  the  Middle  Ear."   Afch'i'es  of 
Otologii,  vcl.  XX.  p.  305. 


CHAPTEE   XXXI 


POLYPI     OF     THE     E  A  K. 

Classification  of  Polypoid  Growths — Mucous  Polypi  or  Granulation  Tumours 
— Fibrous  Polypi  —  Angio-Fibromata  —  Myxomata  —  Relative  Fre- 
quency of  Various  Forms — Etiology — Chronic  Middle-Ear  Suppura- 
tion— Sex  and  Age— Seat  of  Origin — Number  of  Polypi — The  Pedicle 
—  Size  and  General  Conformation  of  Aural  Polypi  —  Symptoms, 
Subjective  and  Objective — Consequences  which  may  Result — Develop- 
ment and  Progress  of  the  Growths  —  Diagnosis  —  Polypi  of  the 
Tympanum,  with  the  Membrane  Intact— Treatment — Operative  and 
by  Application  of  Remedies — Removal  by  the  Snare — Politzer's 
Knife — The  Use  of  Scoops  and  Crushing  Forceps — The  Galvano- 
Cautery  —  Caustic  and  Astringent  Applications  —  Acids  —  Alcohol, 
Cases  for  which  Adapted — Acetate  of  Lead. 

PoLYn  and  polypoid  growths  are  frequently  found  in  the 
tympanic  cavity  and  external  meatus.  Considered  with  regard 
to  their  structure,  these  growths  ma}^  be  divided  into  three,  or 
perhaps  four,  classes,  and  designated  as  mucous  pohipi,  also  termed 
round-celled  polypi  or  granulation  tumours,  jihromata  and  myxo- 
mata. Some  of  the  fibromatous  growths  are  extremely  vascular, 
and  hence  have  been  named  an(/io-tiJ>rom(d(L 

The  Mucous  Polypi  or  Granulation  Tumours  are  those 

which  most  often  occur.  They  consist  of  a  delicate  funda- 
mental tissue,  between  the  fibrils  of  which  are  imbedded  many 
cells,  mostly  round,  but  some  oval  and  spindle-shaped  (Fig.  112). 
These  growths  are  freely  supplied  with  vessels,  and  they  some- 
times contain  cj^sts  and  gland-like  formations.  The  de])ressions 
and  fissures  on  the  surface  are  due  to  the  inward  proliferation 
and  disintegration  of  epithelial  cells,  and  to  the  same  cause  may 
be  attributed  some  of  the  gland-like  formations  A\hich  often 
extend  more  or  less  deeply  into  the  growths.      In  other  instances 
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these  tbrniatioiis  are  due  to  h^'pe^plasia  of  glands  normally 
occurring  in  the  meatus  :  the  mucous  membrane  of  the  tympanum 
does  not  contain  glands.  The  small  cysts,  also  common,  are  the 
result  of  retention  of  glandular  secretion.  In  rare  cases  the 
polypus  is  made  up  of  a  single  cyst  containing  fluid. 

The  surface  of  the  polypi  is  often  stained  with  blood  owing 
to  their  vascularity  and  the  size  of  their  capillary  vessels.  These 
form  loops  under  the  surface ;  the  largest  vessels  are  to  be 
found  in  the  stalk  of  the  polypus,  whence  they  give  off  many 
branches. 

The  Fibrous  Polypi  ^^'hich  usually  grow  from  the  peri- 
osteum are  firm  and  resistant  to  pressure ;  on  section  they  are 
paler  and  less  vascular  than  those  just  described.      According  to 


Fig.  U± 

CKAXULATIOX    POLYPIS.       X  2lKX 

Moos  and  Steinbriigge.*  blood-vessels  are  only  indirectly  connected 
with  the  development  of  the  fibromata,  whereas  they  take  a  direct 
part  in  that  of  the  angio-tibromata.  Formative  cells  which  have 
^^-andered  from  the  blood-vessels  are  the  source  of  fibromata  :  these 
give  rise  to  spindle-cells,  and  these  again  to  connective  tissue 
fibres,  which  predominate  in  the  stroma  of  the  tumour  and  give  it 
its  peculiar  appearance  (Figs.  113  and  114). 

Angio -Fibromata  begin  as  granulation  tumours,  and  are 
the  result  of  proliferation  of  the  elements  of  the  vascular  walls. 
The  cells  of  the  tunica  adventitia  also  proliferate,  and  thus  produce 
a  network  of  cellular  strands.  The  same  process  takes  place  in 
the  endothelium,  and  the  vascular  \\'alls  increase  in  thickness, 
sometimes  to  such  an  extent  that  many  of  the  vessels  become 
*  Archives  of  Otohg)/,  vol.  xi.  No.  4. 
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obliterated.     The   elements  of  the  cellular  strands  l)ecome  trans- 
formed into  spindle-shaped  cells,  and  these  again  into  connective 


Fig.  11:3. 
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(From  a  Patient,  aged  20.) 


Fig.    114. 
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tissue  fibres  (Fig.  115).  The  [structure  of  such  a  tumour  re- 
sembles that  of  a  cylindroma,  or  angio-sarcoma.  but  the  latter 
is  distinguished  by  the  facts  that  the  neighbouring  tissues  are 
prone  to  be  invaded,  and  that  secondary  growths  are  often  seen. 
Myxomata. — Aural  polypi  belonging  to  this  class  are  very 
rare.  They  consist  of  gelatinous  connective  tissue,  having  its 
cells  and  fibrils  separated  and  inter-penetrated  by  a  transparent 
fluid  (Fig.  116).  It  is  supposed  that  they  are  developed  from 
some  remains  of  those  mucous  tissues  ^^■hich  had  outlasted 
fVrtal  life. 


Fig.  Ho. 

Axgio-Fibromatous  Polypus,     x  25. 
(From  a  Patient,  af^ed  2u.) 

\A"ith  regard  to  the  relative  frequency  of  these  four  classes  of 

])olypi,    a\Ioos    and     Steinbriigge's     tables     show    the  following 
proportions : — 

Granulation  tumours             .          .          .          .          •  55 

Angio-fibromata            .                    .          .          •          •  27 

Fibromata 14 

^rvxomata             .......  4 
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Aural   polypi   often   present   certain    peculiarities  of  structure. 
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Thu?;.  small  eliolesteatomatous  masses  may  be  found  in  the  centre 
of  the  growths,  and  likewise  extravasations  of  blood,  blood-cor- 
puscles, and  blood-pigment,  with  ha^min  cr^'stals.  ]^Iinute  ])ony 
formations  are  sometimes  noticeable. 

Etiology. — The  formation  of  aural  polypi  is  in  many  cases 
traceable  to  chronic  supjmratire  inflammation  of  the  ti/mpa)tam, 
which  is  often  associated  with  hypertrophy  of  connective  tissue. 
They  occur  in  about  11  per  cent,  of  these  cases.     Purulent  secre- 


PlG.    116. 

MYXOMATOIS,    FlIiKO-MvXOMATOLS   OK    MUCOIS    PoKVITS.       X  .-^00. 

(From  a  Patient,  aj^ed  25.) 


tion  acts  as  an  irritant ;  its  influence  is  shown  by  the  fact  that 
polypi  in  cases  of  suppuration  diminish  in  size,  and  often  disappear, 
as  the  latter  subsides  under  treatment.  In  Moos  and  Steinbriigoe's 
series  of  100  cases,  otorrhoea  was  absent  in  only  one  instance. 
Polypi  are  often  associated  with  external  indications  of  scrofula, 
and  in  such  cases  are  prone  to  re-appear  after  removal.  Local 
affections  in  the  ear,  such  as  circumscribed  caries  or  necrosis  of  the 
walls  of  the  tympanum,  are  apt  to  give  rise  to  polypoid  growths. 
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which  subside  wlien  the  osseous  disease  is  cured.  Polypi  of  the 
meatus,  besides  being  caused  by  local  affections,  are  sometimes  due 
to  irritative  processes  in  the  middle  ear,  without  perforation  of  the 
tympanum . 

In  some  cases  of  aural  polypi  the  etiolog}'  is  obscure,  and  no 
history  of  suppuration  or  previous  mischief  can  be  obtained.  It  is 
probable  that  the  real  cause  is  often  forgotten,  owing  to  the 
interval  that  has  elapsed  between  its  occurrence  and  the  mani- 
festation of  the  growth,  and  to  the  inattention  of  the  patient. 
In  10  per  cent,  of  Moos  and  Steinbriigge's  cases  the  formation  of 
aural  polypi  could  be  ascribed  to  scarlatina  ;  and  in  6  to  other 
infectious  diseases. 

With  regard  to  the  sex  of  the  patients,  these  polypi  are  more 
common  in  males  than  in  females,  perhaps  because  the  former  are 
more  often  exposed  to  sources  of  irritation.  Out  of  100  cases 
noticed  by  the  above-named  authors,  there  were  sixty-six  males 
and  twenty-seven  females,  and  seven  not  noted. 

Aural  polypi  are  most  frequent  durimj  the  second  decade  of  life. 
The  ages  of  the  patients  just  referred  to  may  be  tabulated  thus  : — 

Between     1  and  10  3'ears  .  .  .  .12  cases 

„         10  „  20  \,  .  .  .  .     3(5  .. 

„        20  „  30     „  .  .  .  .     23  .. 

30  „  40     „  .  .  .  .9  .. 

40  ,.  50     „  .  .  .  .       9  .. 

„        50  .,  60     .,  .  .  .  .1  .. 

60  „  70     ..  .  .  .  .       4  .. 

Unknown  .          .  .  .  .  .  .        6  ., 

A  few  cases  of  congenital  aural  polypus  have  been  placed  on 
record. 

In  the  majority  of  cases  (68  per  cent.)  aural  polypi  originate  in 
the  tympanic  cavit}',  and  from  its  internal  and  superior  walls  and 
the  tissue  covering  the  ossicles ;  in  25  per  cent,  the  tumours  are 
attached  to  the  walls  of  the  meatus.  The  pedicle  is  connected 
Avith  the  superficial  layer  either  of  the  cutis  or  of  the  mucous 
membrane,  or  may  be  more  deeply  attached,  and  even  to  the  bone 
itself.  Polypi  are  sometimes,  though  rarely,  connected  with  the 
membrana  tympani,  and  they  have  been  found  on  both  sides  of 
that  structure.  In  cases  of  perforation  of  the  membrane,  minute 
polj'poid  growths  are  sometimes  seen  to  spring  from  the  margins 
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of  the  aperture.     The  tympanic  orifice  of  the  Eustachian  tube  is 
the  occasional  seat  of  polypous  formations. 

Polypi  are  usually  single,  but  multiple  growths  are  found 
in  about  19  per  cent,  of  all  cases.  In  those  already  alluded  to 
the  multiple  poh'pi  occurred  sometimes  in  the  meatus  alone,  in 
a  few  cases  in  the  tympanum  alone,  and  six  times  in  both  places 
simultaneously. 

The  pedicles  or  stalks  of  aural  polypi  vary  in  length  and 
thickness  ;  in  some  cases  the  growths  are  sessile,  and  consist  of 
minute  lobules  attached  to  a  common  base.  The  pedicle  is 
sometimes  branched,  each  branch  supporting  a  head,  and  it  may 
contain  one  or  more  cavities  resembling  cysts.  Nerve-filaments 
are  found  in  the  pedicles,  but  not  in  the  heads  of  the  polypi. 
Sometimes  a  polypus  is  attached  to  its  base  by  several  roots,  and 
it  not  infrequently  happens  that  a  growth  becomes  attached  at 
various  points  to  the  surrounding  parts,  and  thus  additional 
pedicles  are  formed.  Small  excrescences  not  infrequently  sur- 
round the  point  to  which  the  root  is  fixed.  In  some  cases  polypi 
spring  from  the  mastoid  cells,  and  appear  in  the  external  meatus 
after  the  posterior  and  superior  w^alls  of  the  canal  have  been 
destroyed. 

Aural  polypi  vary  considerably  in  size  ;  sometimes  they  are 
very  minute,  and  only  just  perceptible ;  sometimes  they  fill  up 
both  tympanum  and  meatus,  and  protrude  from  the  latter  {see 
Fig.  117).  In  the  majority  of  cases  which  come  before  the  surgeon 
the  growths  are  as  large  as,  or  larger  than,  a  pea.  In  some 
cases  of  suppurative  inflammation  of  the  t}- mpanum,  the  growth  of 
polypi  is  exceedingly  rapid,  and  niaj^  be  watched  from  day  to  day. 

The  surface  of  the  granulation  tumours  or  mucous  polypi  is 
generally  much  indented  and  lobulated,  like  that  of  a  raspberiy. 
In  the  case  of  large  growths,  the  depressions  are  apt  to  be 
obliterated  as  a  result  of  pressure,  and  the  surface  becomes 
smooth  and  glistening.  In  fibrous  polypi,  depressions  are 
generally  absent,  and  the  surface  is  rounded  and  smooth.  In 
most  cases  there  is  a  Malpighian  investing  membrane,  with  its 
horny  layer  ;  the  epithelium  towards  the  root  is  either  cylindrical 
or  ciliated,  but  over  the  body  of  the  polypus  is  generally  tessel- 
lated and  composed  of  several  layers.  The  mechanical  conditions 
of  the  growths  have  an  important  influence  upon  the  amount  and 
character  of  the  epithelial  covering. 
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Symptoms. — These  may  be  classified  as  subjective  and  objec- 
tive. A\'irh  regard  to  subjective  S}Tiiptoms.  they  may  be  alto- 
gether absent  in  the  case  of  small  polypi,  or  masked  by  those  of 
some  previous  affection.  Otorrhcea  is  always  present,  and  in  cases 
of  large  polypi  not  a  few  serious  symptoms  may  result  from  the 
obstacles  thus  ^  opposed  to  the  free  escape  of  the  discharge. 
Besides  deafness  and  subjective  auditoiy  sensations,  the  patients 
may  complain  of  headache,  vertigo,  vomiting,  supra-orbital  neu- 
ralgia, and  clonic  spasms  in  the  extremities  of  the  affected  side. 
Ptosis  and  hemianaesthesia  have  also  been  observed,  and  in  a  few 


A  FiBROL  s  PoLYPis  removed  by  the  Author  from  a  boy,  aged  14  years.     The  triple  appearance 
before  removal  was  due  to  the  lobulated  shape  of  the  outer  extremity  of  the  growth. 


cases  epileptiform  attacks  accompanied  the  disorder  in  the  ear. 
In  all  these  instances  the  cerebral  symptoms  disappeared  when  the 
hindrance  to  the  escape  of  pus  was  removed. 

The  Objective  Symptoms  depend  upon  the  situation,  progress, 
and  size  of  the  growth.  Besides  purulent  discharge  haemorrhage 
is  almost  always  present,  and  when  the  polypus  is  a  large  one.  a 
red  gro\\'th.  either  smooth  or  more  or  less  lobulated.  may  be  seen 
to  occupy  the  external  meatus.  In  the  large  majority  of  cases, 
viz.,  in  about  80  per  cent.,  the  membrana  tympani  is  found  to 
be  either    perforated  or    destroyed.      Tliis    fact  *'  sho^^•s   that   the 
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prime  cause  of  the  formation  of  polypi  is  to  be  sono-ht  for  in 
suppurative  inflammation  of  the  tympanum  ;  it  also  explains  the 
extremely  frequent  origin  of  the  tumour  from  the  mucous  mem- 
brane of  the  drum,  especially  from  the  labyrinthine  wall."  In 
cases  of  polypi  growing  from  the  meatus,  the  membrana  tympani 
is  generally  found  to  be  intact,  at  least  in  the  earlier  stages. 

The  reteiiiion  within  the  tj^mpanum  of  the  products  of  sup- 
jmration  is  the  most  serious  cause  of  danger  in  connection  with 
aural  polypi.  Such  retention  may  cause  caries  and  necrosis  of 
the  bone,  and  the  irritation  is  very  liable  to  extend  to  the  mem- 
branes of  the  brain.  Sometimes  the  purulent  secretion  becomes 
condensed  into  cheesy  masses,  the  decomposition  of  which  leads 
to  necrosis  and  its  results. 

As  a  general  rule,  the  development  of  aural  polypi  is  a  lengthy 
process,  and  when  a  certain  size  has  been  attained,  the  growth  is 
apt  to  remain  stationary.     There  are,  however,  many  exceptions  to 
this  rule,  and  in  some  cases  the  meatus  becomes  blocked  up  in  a 
few  weeks.     Spontaneous  discharge  is   a  not  infrequent  ending, 
and  this  process  is  most  common  in  large  polypi  with  long  and 
thin  pedicles,  which  are  liable  to  be  lacerated  and  torn  through. 
Twisting  of  the  pedicle   may  also  cause  detachment,  inasmuch  as 
the  blood-vessels  are  liable  to  be  occluded.     Fatty  degeneration  of 
the  pedicle  has  occasionally  been  noticed,  and  in  some  cases  the 
part  becomes  so  fragile  as  to  give  way  during  syringing.     Disap- 
pearance of  a  polypus  is  sometimes  due  to  ulceration  and  atrophy- 
The    occurrence    of    cholesteatomatous    masses   has    been   already 
noticed  ;  and  chalky  and  osseous  deposits   are  sometimes  found. 
It  must  be   remembered    that  polypi  are   occasionally  connected 
with  the  malleus,  which  is  apt  to  be  detached  with  the  growth. 
The   Diagnosis    of   aural    polypi    is    for    the    most   part    easily 
made  ;   purulent  discharge  from  the   ear,  and  especially  haemoi- 
rhage,  are  the  two  sjmiptoms  which  attract  the  patient's  attention. 
It  is  of  special  importance  to  determine  the  place  of  origin  of  the 
polypus,  whether  it  springs  from  the  neighbourhood  of  the  men> 
))rana  tympani,  or  from   this  structure  itself.      Any  special  sensi- 
tiveness of  the  tumour  ^^•hen  touched  with  a  probe  is  generally 
indicative  of  some  growth  other  than  polypus,  the  tissue  of  which 
is  destitute  of  nerves.     When  the  membrane  itself  is  in  a  state 
of  polypoid  degeneration,    some    resistance    will    be   offered  to    a 
probe   by  the  handle  of  the  malleus  ;    but    a    mucous   polypus  is 
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soft  and  unresisting,  unless  it  is  the  seat  of  calcareous  or  osseous 
deposit. 

When  tlie  polypus  is  small  or  elongated,  a  probe  generally 
enables  its  root  and  place  of  attachment  to  be  detected  ;  but  in 
the  case  of  a  large  polypus  filling  the  meatus  these  parts  mav  be 
very  difiicult  to  ascertain.  It  is  well  to  adopt  Politzer's  plan,  and 
to  use  a  blunt  probe  bent  at  a  right  angle  near  its  extremity,  and 
with  its  anterior  end  marked  by  divisions  of  five  millimetres 
each.  The  bent  portion  of  the  probe  is  pushed  between  the 
polypus  and  the  wall  of  the  canal,  and  after  passing  round  the 
larger  circumference  of  the  gro^^'th.  is  carefully  directed  into  the 
deeper  parts.  AVhen  the  circular  movement  of  the  point  of  the 
probe  is  arrested  at  a  distance  less  than  that  of  the  external  orifice 
from  the  membrane,  it  may  be  concluded  that  the  obstacle  is  due 
to  the  root  of  the  polypus.  If  the  root  be  met  with  at  15mm. 
from  the  orifice,  it  is  almost  certain  that  the  growth  originates  in 
the  external  meatus :  when  the  distance  is  o-reater.  the  m-owth 
probably  springs  from  the  tympanic  cavity.  If  the  polypus  be 
easily  movable,  the  stalk  will  be  narrow  and  thin  ;  but  if  the 
movements  be  restricted,  the  pedicle  will  probably  be  of  an 
opposite  character,  and  any  operation  upon  it  will  therefore 
prove   more   diflScult. 

The  external  appearance  of  polypi  is,  to  some  extent,  a  guide 
to  their  origin.  The  soft.  red.  vascular  growths,  with  elevations 
and  depressions  like  those  of  a  raspberry,  generally  spring  from 
the  tympanum :  while  the  paler  and  smoother  poh-pi  mostly 
originate  in  the  meatus.  It  must  be  remembered  that  the  appear- 
ance of  poh-pi  changes  as  time  goes  on,  and  with  their  enlarge- 
ment. Pressure  obliterates  the  inequalities,  and  in  the  course  of 
time  even  mucous  polypi  are  apt  to  become  paler  owing  to  the 
development  of  layers  of  epithelium.  Swollen  and  enlarged 
portions  of  the  mucous  membrane  of  the  tympanum,  especially 
over  the  promontory,  may  resemble  polypous  gro\\ths.  but  a  probe 
will  serve  to  detect  their  true  nature.  Malignant  gro^vths  of  the 
tympanum  and  meatus  can  scarcely  be  mistaken  for  polypi :  their 
surface  is  rough  and  ulcerated,  and  their  development  is  apt  to  be 
attended  by  considerable  swelling  of  the  parts  around  the  ear. 
Such  tumours,  moreover,  rapidly  increase  in  size,  and  manifesta- 
tions of  cachexia  sooner  or  later  set  in.  A  circumscribed  abscess 
of  the  meatus  may  in  some  respects  resemble  a  polypus,  inasmuch 
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as  it  forms  a  smooth,  tense,  reddish  tumour.  It  is.  however,  always 
attended  with  pain,  which  is  much  increased  on  pressure,  and  its 
development  takes  place  rapidly.  The  history  of  the  case, 
examination  with  a  probe,  and.  if  necessary,  puncture  of  the 
swelling,  will   prevent   any   mistake   from   being  made. 

The  diagnosis  is,  of  course.  ditKcult  in  those  rare  cases  in  which 
there  is  a  polypus  growing  from  the  walls  of  the  tympanum,  with 
the  membrane  intact.  If  such  a  case  is  seen  in  an  early  stage, 
when  the  growth  is  impinging  upon  the  membrane,  the  latter 
presents  a  reddened  spot  at  the  point  of  contact,  and  becomes 
gradually  bulged  out.  Perforation  then  takes  place,  and  the 
growth  protrudes  through  the  opening  and  into  the  meatus.  Such 
a  tumour  might  easily  be  supposed  to  be  growing  from  the  mem- 
brane itself,  unless  its  progress  had  been  watched.  As  its  size 
increases,  it  consists  of  two  parts,  connected  by  a  narro^^•  neck  at 
the  aperture  in  the  membrane.  The  size  of  the  projecting  portion 
is  no  indication  of  that  which  is  contained  in  the  tympanum,  and 
which  may  be  so  large  as  to  require  incision  of  the  membrane  for 
its  removal.  It  must  not  be  forgotten  that  a  polypus  springing 
from  the  mastoid  cells  may  break  through  the  posterior  wall  of 
the  meatus  and  appear  in  that  canal.  Examination  with  a  probe 
will  show  that  the  pedicle  of  the  growth  passes  through  the  bone. 
Finally,  in  rare  cases,  a  portion  of  a  cerebral  tumour  projects  into 
the  meatus,  but  such  a  growth,  with  its  attendant  symptoms,  is 
not  likely  to  be  mistaken  for  a  polypus. 

Treatment. — In  the  treatment  of  aural  polypi  the  objects  to  be 
attained  are  :  1st.  the  removal  of  the  cause,  whether  local  or  con- 
stitutional ;  and  2nd,  the  removal  of  the  polypus  and  the  destruc- 
tion of  its  root  and  of  granulation  tissue  around  the  point  of 
attachment.  To  fulfil  the  llrst  indication  the  ear  must  be  carefully 
cleansed,  and  the  treatment  recommended  for  chronic  suppurative 
inflammation  must  be  adopted.  Any  obvious  source  of  irritation, 
such  as  sequestra  in  the  meatus  or  tympanum,  and  adenoid  growths 
in  the  pharynx,  should  be  properly  dealt  with ;  while  any  scrofulous 
indications  will  require  cod-liver  oil,  iodide  of  iron,  good  diet,  and 
hygienic  measures  of  all  kinds. 

The  loccd  treatment  of  aural  polj'pi  consists  in  various  opera- 
tions for  their  removal,  and  in  the  application  of  remedies  which 
have  an  astringent  or  destructive  effect  on  their  tissue.  The 
removal  of  aural  polypi  by  operation  must  be  at  once  undertaken 
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whenever  symptoms  are  present  indicative  of  accumulation  of 
pus.  These  generally  appear  in  the  form  of  convulsive  attacks, 
vertigo,  and  vomiting.  It  is  also  indicated  whenever  the  growth 
has  attained  such  a  size  as  to  fill  up  the  cavit}^  which  it  occupies. 
In  such  a  case  head-symptoms  are  very  prone  to  occur.  AVhen 
the  conditions  just  noted  are  absent,  astringent  remedies  may  be 
first  tried.  In  attempting  to  remove  a  polypus,  its  situation  and 
attachment  will  guide  the  operator  in  selecting  the  most  suitable 
method.  Before  any  operation,  however,  the  meatus  should  be 
carefully  cleansed,  and  then  ten  to  twenty  drops  of  a  10 — 20  per 
cent,  solution  of  cocaine  warmed  b}'  having  been  previously  placed 
in  hot  water  (see  page  139),  should  be  dropped  into  it.  This  will 
greatly  diminish  the  pain  in  the  subsequent  manipulations.  When 
the  pedicle  is  attached  to  the  external  meatus,  the  growth  may  be 


Fig.  118. 

Wilde's  Snare. 

extracted  by  means  oi  forceps  or  AVilde's  snare  (Fig.  118).  The 
latter  is  generally  the  more  convenient  instrument.  The  loop  is 
pushed  over  the  polypus  as  far  as  possible,  and  then  tightened 
until  it  grasps  the  pedicle  ;  the  poh^pus  should  then  be  detached 
by  a  slight  jerk,  so  as  to  tear  it  from  its  detachment.  By  this 
method  the  growth  is  often  removed  almost  entirely.  A\'hereas.  if 
the  loop  is  tightened  too  much,  it  cuts  off  the  polypus  at  the  place 
at  which  it  has  been  encircled,  and  a  stump  remains.  In  many 
cases  silk  covered  with  wire,  such  as  is  used  for  the  bass  string  of 
musical  instruments,  is  better  than  wire  alone,  as  it  does  not  cut 
so  readily  into  the  polypus.  If  the  root  be  very  firm  and  resist- 
ant, the  wire,  after  being  tightened,  should  be  twisted  by  turning 
the  instrument  on  its   loni>-  axis,  and  then  cut  off.      In   a  few  davs 
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the  polypus  will  become  detached,  and  will  fall  ont  of  the  ear.  or 
may  easily  be  removed  with  a  pair  of  forceps. 

In  dealing  with  polypi  connected  with  the  tympanum,  it  is 
sometimes  best  to  use  a  thin  wire  loop,  and  to  cut  through  the 
pedicle  as  near  as  possible  to  its  attachment.  A'arious  modifica- 
tions of  Wilde's  instrument  have  been  devised.  One  of  the  best 
is  Blake's  polypus-snare,  which  is  provided  with  a  movable  metal 
cannula  into  which  the  wire  loop  can  be  completely  withdrawn. 
Thin  platinum  wire  is  the  best  for  the  purpose,  and  an  oval  loop 
can  be  more  readily  slipped  over  a  polypus  than  a  round  one. 
The  polypus  either  comes  away  with  the  instrument,  or  may  be 
removed  by  forceps  or  syringing.  If  there  be  anything  more  than 
slight  luemorrhage.  it  may  be  checked  by  injecting  hot  water,  or 
by  inserting  a  plug  of  cotton- wool  dipped  in  powdered  alum. 

One  drawback  connected  with  the  snare  is  the  uncertainty  of 
being  able  to  remove  the  polypus  close  to  or  at  its  attachment.  It 
is   seldom   possible   so  to   adjust  the  wire  that  constriction  takes 


Fig.  119. 

Barker's  Aural  Clrktths. 

place  at  the  farther  extremity  of  the  pedicle ;  the  tendency  is  ibr 
this  structure  to  be  cut  through  near  the  polypus,  or  for  the  latter 
itself  to  be  divided,  even  when  care  has  been  taken  to  tear  it  away 
at  its  origin.  Under  these  circumstances  portions  of  the  growth 
remain,  and  unless  dealt  with  may  be  the  starting-points  of  new 
tumours.  After  removal  the  ear  should  be  carefully  examined, 
in  order  to  ascertain  the  condition  of  the  parts  at  the  base  of  the 
irrowth.  If  any  remains  of  the  pedicle  are  apparent,  or  if  small 
masses  of  granulation  tissue  surround  the  point  of  attachment, 
a  small  circular  knife  or  a  strong  solution  of  chromic  acid,  and 
in  exceptional  cases  the  galvano-cautery,  may  be  employed  for 
their  removal.  A  curette  (Fig.  119)  is  also  suitable  in  many 
cases.  Pulit/er  reconnnends  a  knife  in  the  form  of  a  concavo- 
convex  rnig,  with  a  very  sharp  inner  margin,  and  attached  to  a 
steel  handle. 

The  same  instrument  is  suitable  for  the  removal  of  small  polypi 
and   oranulations    in   the   meatus.      When    introduced   its   convex 
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surface  is  to  be  pressed  against  the  growth,  until  a  iivm  base  is 
felt.  The  tumour  which  protrudes  through  the  ring  is  cut 
through  as  the  instrument  is  withdra\\  n,  and  comes  away  on  the 
concavity  of  the  knife.  Larger  pol_ypi  ma}^  also  be  removed  by 
the  same  instrument,  used  so  as  to  divide  the  root. 

In  some  cases,  the  growth  can  be  removed  by  the  aid  of  a 
small  round  shmy  scoop;  this  is  pushed  down  to  the  root  of  the 
polypus,  and  the  division  of  its  attachment  is  effected  from  behind. 
This  method  is  suitable  only  for  the  removal  of  polypi  of  the 
meatus  with  soft  stalks  and  loosely  attached  to  their  base.  Polypi 
of  this  character  are  sometimes  capable  of  being  removed  b}' 
forcible  syringing. 

Crusliin[i  by  means  of  forceps  is  another  mechanical  method 
of  removing  polypi.  It  has  been  tried  for  dealing  with  large 
growths,  which  cannot  be  entirely  removed  by  any  of  the  methods 
already  described,  and  for  portions  of  growths  remaining  after 
operations.  A  pair  of  dressing-forceps,  suitably  curved,  is  used 
to  crush  the  tissue  of  the  growths,  and  several  portions  may  be 
dealt  with  in  succession,  provided  that  the  haemorrhage  does  not 
obstruct  the  view.  After  the  operation  upon  tympanic  gro^^'ths, 
it  is  well  to  introduce  plugs  of  cotton-wool,  covered  with  finely 
powdered  alum.  The  pressure,  coupled  with  the  astringent  effects 
of  the  alum,  will  tend  to  cause  atrophy  of  any  remaining  portions. 

The  fjolvano-caiitery  is  indicated  for  the  removal  of  those 
polypi,  which,  owing  to  the  firmness  of  their  pedicles,  cannot  be 
dealt  with  by  means  of  the  snare.  For  ordinary  polypi,  remov- 
able b}^  the  snare,  curette,  or  the  ring-knife,  the  cautery  is  not 
to  be  recommended,  owing  to  the  risk  of  cicatricial  contraction 
which  attends  its  use.  It  is,  however,  adapted  for  the  destruction 
of  multiple  deeply-seated  polypi,  and  small  granulations  and  the 
remains  of  polypi,  after  their  removal  by  other  means.  I  prefer, 
however,  a  saturated  solution  of  chromic  acid  for  most  cases,  the 
application  of  this  drug  being  usually  successful,  and.  moreover, 
less  painful ;  and  unattended,  as  in  the  case  of  the  cautery,  with 
the  risk  of  injury  to  other  parts.  The  cautery  affords  the  best 
means  of  destroying  cholesteatomatous  masses,  \\hich  are  often 
difficult  to  remove,  and  of  obtaining  a  satisfactory  channel  for  the 
escape  of  pus  in  cases  of  caries  with  formation  of  polypi. 

The  shape  of  the  cautery  should  be  adapted  to  the  form  of  the 
growth.     A  simple  pointed  instrument  is  generally  sufficient,  but 
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for  lara'e  PTOwths  a  small  flat  surface  is  desirable.  Great  care 
should  be  taken  to  avoid  burning  healthy  parts,  and  especially 
the  walls  of  the  tympanum.  The  circuit  should  not  be  closed 
until  the  cautery  is  in  contact  A\'ith  the  growth.  The  number  of 
applications  at  each  sitting  and  their  duration  must  be  regulated 
by  the  size  and  position  of  the  polypus.  The  vapour  evolved 
should  be  removed  by  blowing  into  the  ear  as  soon  as  it  obstructs 
the  view.  Before  each  successive  cauterisation  the  cautery  should 
be  heated  so  as  to  destroy  any  tissue  which  may  adhere  to  it. 

If  properly  applied,  the  galvano-cautery  causes  no  bad  after- 
effects ;  but  cases  are  on  record  in  which  facial  erysipelas  and 
marked  constriction  of  the  meatus,  due  to  cicatrisation,  were  the 
results  of  the  application.  In  another  case  in  which  the  polypus 
was  situated  near  the  membrana  tympani,  periostitis,  accompanied 
by  severe  pain,  ^^•as  caused  by  the  operation. 

Caustic  and  Astringent  Applications. — A  concentrated  solution 
of  chromic  acid  is  very  efficacious,  if  applied  with  proper  pre- 
cautions. Before  using  it,  the  surface  of  the  growths  should  be 
thoroughly  dried,  and  the  acid  then  applied  by  means  of  a  chromic 
acid  carrier  (Fig.  82,  page  257),  or  a  camel-hair  brush,  or  a  small 
piece  of  cotton-wool  twisted  tightly  on  to  a  probe.  After  the 
application,  the  ear  should  be  syringed,  and  again  dried.  Chromic 
acid  has  also  been  found  efficacious  in  dealing  with  large  polypi ; 
the  application,  which  is  not  attended  with  much  pain,  should  be 
made  about  twice  a  week  until  the  growth  has  disappeared. 
Nitrate  of  silver  is  sometimes  used  as  an  application  to  granula- 
tions and  to  the  root  of  a  polypus  after  removal.  Its  application 
is  wont  to  cause  somewhat  severe  and  persistent  pain,  and  the 
slough  produced  is  only  superficial.  Politzer  recommends  in 
preference  the  chloride  of  iron,  as  rarely  causing  severe  pain, 
while  it  penetrates  much  more  deeply  into  the  tissue  even  of  firm 
fibrous  growths,  and  more  rapidly  leads  to  mortification  and 
detachment.  It  is  applied  by  dipping  the  point  of  a  chromic  acid 
carrier  or  a  probe  into  the  liquid,  or  by  means  of  a  small  brush,  or 
a  piece  of  cotton-wool,  twisted  tightly  on  to  a  probe,  and  the 
cauterisation  is  to  be  repeated  when  the  slough  is  detached  bv 
syringing.  For  hard  growths  it  is  well  to  use  the  crystallised 
chloride,  a  small  fragment  of  \\'hich  is  taken  up  with  the  forceps 
and  pushed  against  the  growth,  being  retained  in  position  by 
means  of  a  plug  of  cotton-wool.     The  salt  soon  becomes  liquefied, 
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and  penetrates  into  tlie  growth,  fornung  a  slough  of  some  size. 
Politzer  recommends  the  crj^stals  of  the  sesqnichloride  of  iron  for 
hard  growths,  occupying  the  entire  circumference  of  the  osseous 
meatus  and  coming  into  contact  with  it  all  round,  so  that  a  probe 
cannot  be  passed  between  the  tumour  and  the  wall  of  the  meatus  ; 
but  in  my  opinion  the  galvano-cautery  is  more  suitable  for  such 
cases,  as  its  action  can  be  better  regulated. 

Various  other  caustics  have  been  recommended  for  the 
destruction  of  granulations  and  the  remains  of  polypi ;  but  such 
as  potassa  ftisa  and  nitric  acid  are  open  to  the  objection  that  it  is 
impossible  to  limit  their  action  to  the  affected  part,  and  that 
healthy  portions  of  the  meatus  are  liable  to  be  destroyed. 

The  treatment  of  polypi  by  the  application  of  alcohol,  first 
recommended  more  than  fifty  years  ago,  has  recentty  been  fully 
tried  by  Politzer  and  others  both  for  polypi  and  granulations. 
Before  using  it  the  ear  must  be  carefulty  cleansed  and  dried  with 
cotton-wool.  A  little  warmed  alcohol  is  then  poured  into  the 
meatus,  and  allowed  to  remain  from  fifteen  to  thirty  minutes. 
The  application  is  to  be  thus  made  twice  daih'.  and  the  treatment 
regularly  continued  until  the  polypus  has  completely  shrivelled 
up  and  disappeared ;  the  length  of  time  generally  required  is 
from  three  to  six  weeks.  The  treatment  is  adapted  not  only  for 
remains  of  polypi  and  granulations,  but  even  for  large  fibrovis 
growths  filling  up  the  meatus. 

The  action  of  alcohol  upon  aural  gro^^'ths  is  not  followed  by 
an}^  bad  consequences.  The  treatment  may  be  carried  out  bj^  any 
practitioner,  and  in  not  a  few  cases  will  be  found  to  be  an 
effective  substitute  for  removal  by  operation.  Inasmuch,  however, 
as  the  method  requires  time,  it  is  generally  best  to  remove  by 
operation  all  polypi  which  can  be  thus  dealt  with,  and  afterwards 
to  employ  the  alcohol  to  produce  atrophy  of  any  fragments  that 
remain,  if  the}^  cannot  be  reached  by  chromic  acid  or  the  other 
safe  remedies  mentioned  previously,  which  are  quicker  in  effect- 
ing a  cure. 

Politzer*  thus  sums  up  the  cases  for  which  the  alcohol  treat- 
ment is  especially  adapted. 

(1)  For  the  removal  of  the  remains  of  polypi  in  the  external 
meatus  and  on  the  membrana  tympani. 

*  Lehrhuch  der  Ohrenheilhnndc,  S.  419.     See  also  English  Translation  of  3rd 
Edit.  p.  541. 
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(2)  For  the  treatment  of  intra-tympaiiic  polypi,  and  their 
remains,  which  can  seldom  be  entirely  removed  by  operation, 
are  often  beyond  the  reach  of  instruments  and  very  often 
recur. 

(o)  For  multiple  granulations  of  the  external  meatus  and  on 
the  membrana  tympani. 

(4)  For  diffuse  excessive  proliferation  of  the  mucous  membrane 
of  the  tympanum. 

(5)  For  cases  in  which  on  account  of  mechanical  obstacles  in 
the  external  meatus  (exostosis,  stricture),  the  removal  <.f  polypi 
cannot  be  accomplished  with  instruments. 

(6)  In  order  to  avoid  operations  in  persons  afraid  of  them,  and 
in  children  in  whom  surgical  treatment  presents  great  difficulties, 
and  very  often  necessitates  the  aid  of  anaesthetics. 

There  is  another  remedy,  viz.,  acetate  of  leach  which  when 
applied  to  aural  polypi  produces  very  satisfactory  results.  Moos 
and  Steinbriigge  recommend  a  supersaturated  solution,  containing 
from  ten  to  twenty-five  per  cent,  of  lead,  with  the  addition  of  from 
five  to  ten  drops  of  acetic  acid.  This  solution  is  transparent ; 
it  is  dropped  into  the  ear  from  a  glass  pipette,  the  patient's 
head  being  held  over  the  opposite  shoulder,  and  the  ear  is  after- 
\vards  plugged  with  salicylic  cotton-wool,  in  order  to  keep  the 
solution  as  long  as  possible  in  contact  with  the  affected  surface. 
The  application  should  be  made  twice  daily,  after  the  ear  has  been 
thoroughly  cleansed.  There  is  sometimes  pain,  of  a  stinging  or 
burning  character,  which,  however,  soon  subsides.  The  length  of 
time  required  for  the  treatment  varies  ;  but  six  weeks  is  generally 
sufficient.  With  regard  to  the  manner  in  which  the  lead  acts  upon 
the  polypus,  it  appears  to  cause  wasting  of  the  cellular  elements 
and  constriction  of  the  blood-vessels.  It  may  be  that  the  lead- 
solution  reaches  the  interior  of  the  vessels,  and  causes  coagulation 
and  thrombosis,  and  consequent  death  of  the  growtli.  Comparing 
the  effects  of  the  lead  with  those  of  alcohol,  Moos  and  Steinbriigge 
sutrcrest  that  the  latter  is  probably  more  suitable  for  cases  of 
gi'anulation  polypi,  and  lead  for  the  coarser  fibromatous  gro^^•ths. 
•'  It  is  also  possible,  that  in  cases  of  tympanic  polypi  with  minute 
perforations  in  the  membrane,  alcohol  may  act  more  favourably 
on  account  of  its  greater  po\\er  of  penetration." 
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Causes— Cases  Due  to  Injuries— Middle-Ear  Suppuration — Constitutional 
Disorders  —  Parts  most  often  Involved  —  Varying  Extent  of  the 
Disease — Caries  of  the  Ossicles — Xecrosis  of  Tympanic  Walls — 
Subjective  Symptoms — Objective  Symptoms — Symptoms  of  Lesion 
of  the  Facial  Xerve — Paralysis — Perversions  of  Taste — Character  of 
the  Discharge— Examination  with  a  Probe — Course— Diagnosis  and 
Prognosis — Bezold's  Statistics — Occasional  Multiplicity  of  Compli- 
cations— Treatment — Special  Measures  for  Dealing  with  Caries  and 
Xecrosis  of  the  Ossicles — Treatment  of  Xecrosis  of  Temp  :>ral  Bone. 

Caries  and  Necrosis  of  the  temporal  bone  result,  in  the 
majority  of  cases,  from  acute  and  chronic  suppurative  inflam- 
mation of  the  middle  ear.  and  such  processes  are  most  often 
seen  in  children.  In  adult  cases,  it  is  often  repoited  that  dis- 
charge from  the  ear  has  existed  for  many  years  before  any 
evidence  of  necrosis  appeared.  Other  causes  are  rare  :  but  severe 
injuries  to  the  temporal  bone — e.ij..  from  blows  or  projectiles — 
may  eventually  lead  to  caries  and  necrosis.  Dr.  Bezold  records 
a  case  of  necrosis  of  the  cochlea  in  a  man  aged  forty-eight. 
When  seven  years  old  he  had  been  kicked  by  a  horse  on  the 
•side  of  the  head,  and  the  effects  of  the  injury  had  been  per- 
manent. 

It  is  in  those  cases  of  chronic  suppuration  of  the  middle  ear 
in  which  the  secretions  are  retained  and  decomposed  that  the 
bony  walls  of  the  cavity  are  most  likely  to  become  involved. 
Similar  complications  are  pirone  to  occur  when  the  ear  affection 
is  associated  with  some  infectious  disorders,  as  diphtheria,  scarlet 
fever,  tuberculosis,  or  syphilis.  Those  cases  in  ^^  hich  the  mastoid 
process  and  cells  are  the  seats  of  primary  disease  would  appear 
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to  owe  their  origin  to  micro-organisms  which  have  passed  along 
the  tube  from  the  throat,  or  have  been  conveyed  by  the  blood. 
The  pneumatic  spaces  and  the  spongy  substance  of  the  mastoid 
portion  of  the  bone  are  especially  favourable  spots  for  the 
development  of  micro-organisms,  which  in  most  of  these  instances 
are  those  of  tubercle.  In  very  rare  cases,  necrosis  of  the 
temporal  bone  is  due  to  suppurative  inflammation  of  the  dura 
mater,  which  constitutes  the  periosteum  on  the  internal  surface. 

The  parts  of  the  temporal  bone  most  prone  to  be  attacked 
by  caries  and  necrosis  are  :  the  mastoid  process,  the  posterior 
superior  wall  of  the  external  meatus,  the  roof  of  the  tympanum, 
and  the  ossicles,  especially  the  malleus.  Less  frequently  the 
processes  involve  the  floor  of  the  cavity  and  the  walls  of  the 
carotid  canal.  Occasionally  the  promontory  is  the  seat  of  caries. 
X'arious  portions  may  be  implicated  at  the  same  time,  and  the 
process  may  even  extend  to  adjacent  bones,  e.g.,  the  occipital  and 
])arietal.  Caries  and  necrosis  of  the  mastoid  portion  will  be 
described  in  the  next  chapter.  Caries  occurring  in  other  parts 
of  the  bone  may  be  limited  to  small  circumscribed  portions  of 
the  walls  or  of  the  ossicles,  or  may  cause  extensive  destruction 
and  exfoliation.  Between  these  extremes  there  are  many  inter- 
mediate degrees.  As  a  result  of  diphtheria,  partial  exfoliation 
of  the  tympanic  ring,  with  portions  of  the  external  meatus  and 
of  the  mastoid  process,  is  by  no  means  rare  in  children.  Necrosis 
of  the  osseous  meatus  may  affect  only  a  portion  of  the  canal, 
or  involve  the  whole  of  the  tympanic  bone  and  adjacent  parts. 
Destruction  of  this  character  is  generally  the  result  of  chronic 
suppuration  of  the  middle  ear,  such  as  occurs  in  children,  the 
subjects  of  hereditary  syphilis.  In  such  cases  extensive  necrosis 
is  not  unusual,  even  during  the  first  few  months  of  life. 

In  exceptional  cases  of  caries  and  necrosis  of  the  temporal 
bone,  the  membrana  tympani  is  found  to  be  intact ;  as  a  general 
rule  it  exhibits  one  or  more  perforations.  The  affected  portions 
of  bone  are  either  ulcerated  and  honeycombed,  or  necrosis  takes 
place  with  the  formation  of  a  sequestrum.  The  presence  of  this 
latter  is  liable  to  cause  prolonged  suppuration,  the  development  of 
listulse  and  abscesses  (from  the  burrowing  of  pus),  with,  in  some 
cases,  lesions  of  the  brain  and  membranes,  or  of  the  large  vascular 
channels. 

Caries  of   the    Ossicles    results    in   their    destruction   and 
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detaclimeiit.  In  some  cases  the  bones  come  awa}^  spontaneously, 
or  after  sja'inging,  during  the  course  of  severe  suppurative 
inflammation  of  the  middle  ear,  in  which  the  soft  parts  perish 
and  the  ossicles  become  free.  This  result  most  often  occurs  in 
cases  of  scarlatina.  When  the  malleus  is  affected  with  caries, 
the  handle  is  especially  implicated,  and  the  process  likewise 
attacks  the  upper  and  outer  wall  of  the  so-called  "  attic,"  in 
which  granulations  sprout  up,  while  Shrapnell's  membrane 
becomes  perforated.  In  less  frequent  cases  the  head  of  the 
malleus  and  the  incus  are  involved,  and  the  upper  half  of  the 
membrana  tympani  is  destroyed;  sometimes  again  the  processes 
of  the  incus  are  attacked.  The  stapes  is  the  least  liable  to  be 
attacked  ;  but  it  loses  sometimes  one  and  sometimes  both  crura, 
while  the  foot-plate  is  very  seldom  involved.  While  the  osseous 
walls  of  the  tympanum  are  the  seat  of  caries,  fungous  granulations 
always  sprout  up  from  the  mucous  membrane  or  its  remains. 
The  secretion,  which  is  foul-smelling,  and  irritates  the  skin  of 
the   meatus,   often  contains  the  bacilli  of  tubercle. 

Necrosis  is  the  result  of  destruction  of  a  circumscribed  portion 
of  bone,  which  constitutes  a  sequestrum.  The  part  involved  may 
be  small  and  cjuite  superficial  ;  or  the  process  may  attack  large 
portions  of  the  temporal  bone — e.7.,  the  squamous,  mastoid,  or 
pyramidal  part — and  cause  their  detachment.  The  labyrinth, 
being  composed  of  compact  bone,  is  less  frequently  implicated  ; 
but  cases  sometimes  occur  of  extensive  necrosis  of  this  part, 
with  detachment  of  the  entire  cochlea  as  a  result.  Most  cases 
of  necrosis  occur  in  connection  with  scarlatina,  and  children 
constitute  the  majority  of  sufferers.  This  tendency,  as  compared 
with  adults,  is  explained  by  their  proneness  to  be  attacked  by 
acute  infective  diseases,  and  also  by  the  comparatively  very 
large  size  of  the  labyrinth  in  early  life.  It  must  also  be  borne 
in  mind  that  the  necrosis  may  show  itself  years  after  the  fever.* 
The  secpiestrum  may  remain  for  some  time  in  the  cavity ;  but  as 
time  goes  on,  it  generally  moves  towards  the  external  meatus, 
and  either  escapes  or  is  removed.  So  long  as  it  remains  in  the 
tympanum,  it  acts  as  a  foreign  body,  and  excites  suppuration 
and  fvingous  granulations.  After  its  removal,  the  healing- 
process  sets  in,  and  assumes  various  forms.  The  newly  developed 
connective  tissue  may  become  ossified,  and  a  bony  cicatrix 
*  See  cases  reported  by  Bez()ld,  Archives  of  Otoloyi/.  vol.  xvi.  p.  .312. 
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results  ;  in  other  cases,  the  surface  is  covered  with  a  membrane, 
within  which  cholesteatomatous  growths  may  be  devek)ped  ; 
while  in  a  third  class  bony  foi'mations.are  the  prevailing  feature, 
and  the  process  sometimes  goes  on  to  such  an  extent  as  to 
obliterate  the  cavity  of  the  tympanum,  and  to  obstruct  the 
external  meatus. 

Subjective  Symptoms.  —  In  the  majority  of  cases,  caries  and 
necrosis  of  the  temporal  bone  fail  to  produce  characteristic 
symptoms.  Pain  in  and  about  the  ear  is  almost  always  com- 
plained of.  and  is  due  to  inflammation  of  the  periosteum  and 
retention  of  secretions.  It  is  o-enerallv  continuous  and  violent, 
but  sometimes  intermittent.  In  cases  of  tuberculosis,  the  pro- 
cesses may  become  ver\'  advanced  without  causino-  any  verA' 
decided  pain.  Comparatiye  or  even  absolute  painlessness  is  a 
common  feature  of  tuberculous  inflammation  of  the  middle  ear. 
When  detachment  of  a  sequestrum  is  in  progress,  the  pain  is 
described  as  deep  down  in  the  ear;  it  is  generally  of  a  boring, 
tearing  character,  and  very  severe,  and  if  a  large  portion  of  the 
bony  wall  of  the  tympanum  be  involved,  this  symptom  may  last 
for  many  weeks  or  months.  Retention  of  secretions  \\-ill  cause 
the  pain  to  become  even  more  severe,  and  especially  if  the  cerebral 
meninges  are  implicated.  The  pain  is  accompanied  by  more  or 
less  diminution  of  hearing-power,  giddiness,  and  noises  in  the  ears 
of  various  kinds.  These  symptoms  are.  of  course,  in  no  way 
characteristic  of  caries  :  they  are  commonly  met  with  in  middle- 
eviV  sii])puration  confined  to  the  soft  parts.  Neuralgia  of  branches 
of  the  fifth  pair  is  a  net  uncommon  complication.  If  the  laby- 
rinth be  specially  involved,  vertigo  and  disturbance  of  equilibrium 
will  be  prominent  symptoms. 

Objective  Symptoms. — These  are  likewise  of  a  more  or  less 
indefinite  character.  In  the  early  stao'es  there  will  be  the  sio-ns 
of  purulent  inflammation  of  the  middle  ear.  ejj..  perforation  of 
the  tympanic  membrane  and  more  or  less  discharge,  hypertrophy 
and  ulceration  of  the  mucous  meml)rane  of  the  cavity,  with 
granulations  and  polypoid  growths,  thickening,  swelling,  inflam- 
mation or  ulceration  of  the  floor  of  the  external  nu\atus. 
enlargement  and  induration  of  the  lymphatic  glands  in  the 
neighbourhood  of  the  ear.  'Ihese  symptoms  are.  however.  oft(^n 
present  when,  the  osseous  walls  of  the  tympanuin  are  not  iin])];- 
cated.      More  definite  siLi-ns  of  affection  of  bones  ai'e  fni'nished  by 
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abscesses  wliicli  form  in  various  directions,  and  result  from  the- 
burrowing  of  pus  towards  the  front  and  back  of  the  ear,  neck, 
and  throat.  The  parotid  gland  and  the  articulation  of  the  lower 
jaw  are  often  involved  in  the  suppuration  ;  and  when  the  abscesses 
communicate  directly  with  the  carious  bone,  fistulous  passages  are 
apt  to  remain  long  after  the  pus  has  been  discharged.  Such 
passages  originating  in  the  temporal  bone,  sometimes  pass  for 
long  distances  under  the  skin,  and  open  on  the  side  of  the  neck  or 
even  towards  the  shoulder. 

Symptoms  indicating  lesions  of  the  facial  nerve  are  of  frequent 
occurrence  in  cases  of  caries  and  necrosis  of  the  temporal  bone. 
The  nerve  may  be  directly  involved  in  the  destruction  of  the 
osseous  canal  in  which  it  runs,  or  it  may  be  compressed  by  serous, 
exudation  in  the  absence  of  any  bony  lesion.  Even  when  caries 
of  the  bone  is  known  to  exist,  it  is  by  no  means  certain  that  the 
co-existing  facial  paralysis  is  due  to  direct  implication  of  the 
nerve.  If  its  canal  be  imperfect  (and  such  a  condition  is  some- 
times congenital),  the  pressure  of  exudation  within  the  tympanum 
may  give  rise  to  symptoms  of  paralysis.  Still,  in  connection  with 
other  symptoms,  facial  paralysis  is  highly  suggestive  of  carious  or 
necrotic  processes  involving  portions  of  the  temporal  bone.  On 
the  other  hand,  the  absence  of  any  such  symptoms  referable  to 
the  nerve  does  not  show  that  the  canal  in  ^^■hich  it  runs  has 
remained  unaffected.  There  are  several  cases  on  record  of  partial 
or  complete  destruction  of  the  walls  of  the  aqu^ductus  Fallopii, 
with  exposure  of  the  facial  nerve,  but  without  any  symptoms  of 
paralysis. 

If,  after  lasting  for  some  time,  the  paralysis  should  subside, 
exudation  into  the  canal  may  be  assumed  to  have  been  its  cause ; 
but  if  the  paralysis  continue,  there  is  probabh^  some  osseous 
lesion.  In  necrosis  of  the  labyrinth,  the  facial  nerve  rarely 
escapes;*  it  is  seldom  involved  when  the  cochlea  alone  is  the  seat 
of  disease.  Inasmuch  as  the  aural  affection  is  generally  unilateral, 
the  facial  paralysis  is  usually  limited  to  one  side.  Its  degree 
varies,  according  to  whether  the  entire  nerve  or  only  some  of  its 
fasciculi  are  affected.  In  the  latter  case,  the  paralysis  Avill  involve 
different  muscles,  e.g.,  those  of  the  forehead,  or  those  of  the  side 
of  the  face  and  nose.  Sometimes  all  the  muscles  supplied  by  the 
nerve  are  slightly  affected ;  in  other  cases,  the  paralysis  is  com- 
*  Bezold,  Archives  of  Otolofii/,  vol.  xvi.  p.  297. 
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plete.  In  some  cases  the  muscles  of  the  soft  pahxte  on  the  affected 
side  are  likewise  paralysed. 

Various  perversions  of  the  sense  of  taste  are  wont  to  accompany 
these  lesions  of  the  facial  nerve.  The  glosso-pharyngeal  is  the 
nerve  of  taste  for  the  posterior  part  of  the  tongue ;  the  lingual 
branch  of  the  fifth  for  the  anterior  part  of  the  organ.  The  latter 
receives  its  gustatory  fibres  from  the  chorda  tympani  nerve,  which 
runs  with  the  facial  trunk,  until  just  above  the  stylo-mastoid 
foramen.  AVhen  the  latter  nerve  is  implicated  before  the  chorda 
leaves  it,  the  gustatory  function  is  lessened  or  even  abolished  in 
the  anterior  two-thirds  of  the  tongue  on  that  side ;  and,  in  addi- 
tion to  this  symptom,  though  only  in  rare  cases,  there  is  dryness 
of  the  mouth,  due  to  implication  of  those  fibres  of  the  chorda 
which  regulate  the  secretion  of  saliva. 

In  cases  of  slight  paralysis,  the  electrical  reaction  of  the 
muscles  and  branches  of  the  nerve  is  little  changed.  In  severe 
forms  the  faradic  reaction  is  often  increased  at  first ;  but  it  is 
soon  reduced  to  a  minimum,  Awhile  the  irritability  of  the  muscles, 
as  tested  by  the  galvanic  current,  is  more  or  less  increased.  In 
advanced  cases,  the  latter  current  fails  to  evoke  any  response. 

In  addition  to  the  paralysis,  secondary  contractions  and 
spasmodic  twitchings  of  the  muscles  sometimes  occur ;  the  former 
being  due  to  the  development  and  induration  of  connective  tissue 
in  the  muscles.  The  course  of  the  complaint  depends  upon  the 
nature  and  progress  of  the  aural  lesion,  and  the  extent  to  which 
the  nerve  is  involved.  In  some  cases  recovery  is  complete ;  in 
others,  there  is  permanent  paralysis  of  all  or  some  of  the  muscles 
supplied  b}'  the  nerve.  Secondary  atrophy  is  then  apt  to  super- 
vene, and  the  conjunctiva  is  subject  to  attacks  of  inflammation, 
owing  to  the  want  of  power  to  close  the  eye. 

The  Discharge  from  the  ear  in  cases  of  caries  and  necrosis  is 
sometimes  peculiar.  It  is  muco-purulent  and  somewhat  tenacious; 
it  often  contains  decided  traces  of  blood,  or  assumes  a  brownish- 
red  colour ;  its  odour  is  intensely  disagreeable,  and,  in  the 
absence  of  antiseptic  measures,  poisons  the  room  occupied  by  the 
patient.  Sometimes  it  is  quite  putrid,  quickh^  discolouring  silver 
instruments  brought  into  contact  with  it.  Fragments  of  bone, 
some  large  enough  to  be  seen  with  the  naked  eye,  are  occasionally 
discoverable.  In  all  cases,  the  discharge  should  be  examined  from 
time  to  time  with  the  microscope  ;  if  small  osseous  particles  are 
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detected  tliere  can  be  no  doubt  a^  to  the  nature  of  the  lesion.  A 
negative  result  of  the  examination  does  not  disprove  the  existence 
of  caries. 

As  in  other  cases  of  destruction  of  bone,  the  best  evidence  of 
the  actual  condition  is  afforded  by  the  use  of  a  probe,  which  should 
be  handled  with  the  greatest  care  and  gentleness,  and  under  the 
guidance  of  the  eye.  Serious  consequences  might  ensue  from 
using  the  instrument  with  an}'  degree  of  force.  It  is  easy  to 
detect  carious  or  necrosed  bone  when  the  disease  is  situated  in  the 
meatus,  the  inner  wall  of  the  tympanum,  or  in  the  upper  part, 
under  the  roof,  when  Shrapnell's  membrane  is  perforated.  Failure 
to  detect  caries  must  not  be  held  to  imply  that  the  bone  is  not 
affected,  for  the  diseased  part  ma}'  be  inaccessible  to  the  most 
careful  examination.  Indeed,  in  not  a  few  cases  in  which  the 
symptoms  point  to  caries,  the  diseased  spot  cannot  be  reached  by 
a  probe.  The  instrument  should  be  bent  in  various  ways  accord- 
ing to  circumstances,  and  should  have  a  well-rounded  head. 
Sometimes  the  meatus  is  occupied  by  polypoid  excrescences,  which 
spring  from  the  mastoid  antrum,  and  project  through  openings  in 
the  posterior  wall  of  the  canal.  Caries  and  necrosis  in  the  mastoid 
process  ma}^  involve  the  external  ls.yeY  of  bone,  and  in  that  case 
masses  of  granulation  tissue  will  be  seen  to  sprout  through  the 
integument.  These  surround  and  cover  up  fistulous  openings, 
through  which,  if  a  probe  be  introduced,  softened  or  necrosed 
bone,  or  a  loose  sequestrum,  may  be  more  or  less  easily  felt.  If 
water  be  injected  into  the  meatus  a  few  drops,  or  even  a  thin 
stream,  will  be  seen  to  issue  from  the  external  fistulous  opening, 
bringing  with  them  inspissated  or  caseous  masses  of  pus. 

The  Course  pursued  by  caries  and  necrosis  of  the  temporal  bone, 
following  middle-ear  suppuration,  varies  greatly  in  different  cases; 
but  it  is  only  in  a  minority  that  favourable  results  can  be  antici- 
pated. The  progress  of  the  osseous  disease  is.  however,  sometimes 
very  slow :  there  may  be  lono-  intervals  durino-  which  some  little 
improvement  may  seem  to  be  going  on.  In  young  subjects  the 
process  is  usually  more  rapid  than  in  adults  ;  sequestra  are 
speedily  formed  and  detached,  large  portions  of  the  mastoid 
process  often  become  exfoliated,  and  in  severe  cases  nearly  the 
whole  of  the  temporal  bone  is  destroyed,  hi  not  a  few  cases, 
symptoms  of  cerebral  or  meningeal  disease  suddenly  become 
developed,  while  in  others  a  fatal  issue  is  due  to   phlebitis   and 
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thrombosis  of  the  lateral  sinus.  Pyaemia  is  another  accident 
liable  to  occur  in  these  cases.  if,  as  sometimes  happens,  the 
carotid  canal  be  invaded,  fatal  haemorrhage  is  likely  to  ensue. 
Such  an  accident  would  be  a  more  frequent  complication  of  caries, 
were  it  not  for  the  fact  that  during  chronic  suppuration,  pro- 
gressive development  of  connective  tissue  usually  takes  place. 
This  process  is  succeeded  by  partial  ossification,  and  the  diseased 
portions  of  tissue  are  thus  to  some  extent  isolated. 

Diagnosis.  —  This  is  sometimes  ver}^  difficult,  and  in  many 
instances  it  is  necessary  to  keep  the  patient  under  observation  for 
a  long  time  before  a  definite  opinion  can  be  given.  If,  when  a 
probe  is  introduced,  roughened  bone  can  be  felt,  or  a  portion  of 
bone  which  is  clearly  movable  and  denuded  of  its  periosteum,  the 
nature  of  the  case  will  be  of  course  evident.  But  the  affected  part 
may  be  inaccessible,  and  the  negative  result  of  probing  is,  there- 
fore, of  no  great  value.  In  the  absence  of  the  positive  evidence 
which  a  probe  often  yields,  caries  or  necrosis  may  be  suspected  to 
exist  ^^•hen  the  following  symptoms  are  present  : — 

1.  A  long-continued  purulent  discharge  from  the  meatus, 
offensive  in  character  and  not  jdelding  to  ordinary  treatment 
carefully  conducted. 

2.  The  constant  re-appearance  of  granulations  in  the  same 
place  in  which  they  have  been  destroyed. 

3.  The  previous  escape  of  small  sequestra  or  particles  of  bone. 

4.  The  existence  of  fistulous  openings  behind  the  ear,  with  an 
intermittently  copious  and  offensive  discharge  therefrom. 

5.  The  formation  of  abscesses  in  the  neighbourhood  of  the  ear 
and  in  the  side  of  the  neck  and  swelling  of  the  lymphatic  glands. 

6.  Perforation  of  the  tympanic  membrane  at  its  upper  part, 
the  opening  having  a  crater-like  appearance,  and  giving  exit  to 
very  offensive  secretion. 

7.  Severe  lancinating  pain  in  the  deeper  part  of  the  ear,  and 
extending  over  the  side  of  the  head. 

Prognosis. — Any  opinion  as  to  the  probable  results  in  cases 
of  caries  of  the  temporal  bone  must  be  given  with  great  caution. 
As  a  general  rule,  when  the  lesion  is  due  to  injurv.  the  prognosis 
is  more  favourable  than  when  it  has  supervened  upon  suppurative 
inflammation.  In  all  cases,  if  the  general  health  be  good,  the 
process  slight  and  confined  to  the  mastoid  portion,  if  there  be  free 
vent  for  all  discharges  and  if  exfoliation  take  place,  there  is  reason 
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to  anticipate  a  favourable  issue.  While,  however,  caries  is  in 
progress,  there  is  always  the  possibility  of  extension  to  some  im- 
portant part,  with  serious  results,  as  already  described.  There  is 
also  the  risk  of  pyaemia,  general  exhaustion,  or  pulmonary  tuber- 
culosis. In  some  instances,  patients  with  caries  of  the  temporal 
bone  attain  a  ripe  age,  and  die  from  disease  unconnected  with  the 
local  affection.  The  degree  to  which  the  hearing-power  is  affected 
depends  upon  the  seat  and  extent  of  the  caries.  If  the  latter  be 
confined  to  the  mastoid  portion,  the  hearing  may  be  almost  or 
quite  normal :  on  the  other  hand,  necrosis  of  the  labyrinth  will 
involve  total  deafness. 

Dr.  Bezold's*  list  contains  forty-six  cases  of  necrosis  of  the 
labyrinth.  Of  these,  nine  died,  all  but  two  from  ''  implication  of 
the  neighbouring  meningeal  and  cerebral  regions,  extension  of  the 
suppurative  process  taking  place  from  the  posterior  surface  of  the 
pj^ramid,  corresponding  to  the  position  of  the  poms  acusticus 
internus.  The  cerebellum  was  most  frequentty  involved."  Septic 
phlebitis  was  demonstrated  in  Uyo  cases.  Of  the  thirty-seven 
cases  in  which  the  issue  was  favourable,  in  twentj^-nine  the 
sequestrum  was  removed  through  the  auditory  canal,  in  seven 
it  was  extracted  through  fistulse  in  the  mastoid  portion ;  in  the 
remaining  case,  it  was  said  to  have  passed  through  the  tube. 
With  regard  to  the  prognosis  in  cases  in  which  the  Fallopian 
canal  is  implicated,  Bezold  thinks  there  is  great  probability  of 
restoration  of  the  function  of  the  divided  facial  nerve  even  after 
extensive  loss  of  substance. 

It  must  be  borne  in  mind  that  caries,  as  a  result  of  suppurative 
inflammation  of  the  middle  ear,  may  spread  so  as  to  involve  several 
important  parts  at  the  same  time.  Thus  in  a  fatal  case,  reported 
by  Dr.  Hedinger,t  there  was  a  sub-dural  abscess,  thrombi  and 
ulceration  of  the  superior  petrosal  sinus,  and  ulceration  leading 
into  the  lateral  sinus.  The  external  auditory  canal  was  narrowed 
to  a  mere  slit,  and  the  bony  portion  was  carious.  In  this  case, 
pus  had  been  discharged  into  both  the  lateral  and  the  superior 
petrosal  sinuses.  A  case  of  caries  of  the  tympanum,  with  fatal 
haemorrhage  from  the  carotid,  is  recorded  by  Drs.  Moos  and  Stein- 
briigge.J     There  was  an  opening  15mm.  in  breadth  and  7mm.  in 

*  Archives  of  Otology,  vol.  xvi.  p.  346. 
t  IhlfJ.,  vol.  xiii.  p.  42. 
:j:  Ihid.,  vol.  xiii.  p.  160. 
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heiglit  in  the  external  bony  wall  of  the  carotid  canal.  The  artery 
was  bare  to  the  whole  extent  of  this  opening,  and  corroded  and 
perforated  near  the  promontory.  The  case  was  reniark'al)le  not 
only  for  the  lesion  of  the  artery,  but  because  of  the  rapidity  with 
which  the  entire  series  of  processes  had  become  developed.  The 
time  occupied  was  only  four  months. 

Treatment. — This  must  at  first  be  directed  towards  the  im- 
provement of  the  condition  of  the  middle  ear,  and  this  object 
may  be  attained  by  the  use  of  antiseptic  remedies  and  great 
cleanliness.  Supposing  that  caries  is  known  or  strongly  sus- 
pected to  exist,  the  treatment  should  be  still  more  energetically 
carried  out,  and  every  effort  should  be  made  to  remove  secretion 
and  prevent  its  accumulation.  It  is  all-important  to  remove 
luxuriant  granulations  so  as  to  provide  for  the  escape  not  only 
of  secretion  but  of  dead  particles  of  bone.  If  there  be  only  one 
or  two  small  perforations  in  the  membrane,  it  is  desirable 
that  these  should  be  enlarged  by  incision,  so  as  to  afford  a  free 
passage.  Polypoid  growths  should  be  removed  by  Wilde's  snare, 
or  by  applications  of  a  concentrated  solution  of  chromic  acid, 
after  which  alcohol  should  be  introduced  into  the  ear,  as  recom- 
mended by  Politzer. 

When  the  granulations  have  been  thus  dealt  with,  antiseptics 
and  astringents  of  various  kinds  will  come  into  use.  Powdered 
boric  acid,  introduced  by  means  of  an  insufflator,  is  one  of  the 
best  remedies.  The  objections  sometimes  raised  against  it,  on 
the  ground  that  it  causes  the  secretions  to  be  retained,  are  with- 
out real  foundation.  If  fluids  be  preferred,  they  should  be  injected 
through  a  small  tympanic  tube,  which  can  be  passed  into  the 
tympanum  or  into  the  mastoid  antrum.  Fluids  may  also  be 
introduced  by  the  aid  of  the  Eustachian  catheter  ;  a  considerable 
amount  of  secretion  ma}"  sometimes  thus  be  driven  out  through 
the  meatus.  The  air-douche  likewise  fulfils  a  similar  purpose. 
Carbolic  acid  (gr.  xv.  to  §j.),  salicylic  acid  (gr.  v.  to  §j.).  iodoform 
(gr.  XX.  to  Sp.  Vin.  Rect.  §j.),  (see  page  411),  creolin  (1  to  200), 
resorcin  (1  to  200),  and  hydrogen  peroxide  are  the  best  anti- 
septic remedies. 

When  carious  spots  are  visible  and  accessible — e.(j..  in  the 
meatus — improvement  may  be  effected  by  touching  them  with  a 
concentrated  solution  of  chromic  acid,  a  fine  point  of  nitrate  of 
silver,  or   with   the   galvano-cautery.     The   local   application   of  a 
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solution  of  lactic  acid  (15 — 20  percent.)  sometimes  proves  service- 
able in  cases  of  circumscribed  ulceration  of  the  inner  wall  of  the 
tympanum.  'J'he  applications  cause  the  detachment  of  small 
secjuesti-a,  but  are  apt  to  produce  more  or  less  severe  pain.  Dr. 
Ole  Bull,*  of  Christiania,  recommended  the  application  of  the 
mineral  acids,  hydrochloric  and  nitric,  for  the  removal  of  diseased 
bone.  The  acids  act  by  rendering  the  bone  capable  of  absorption. 
As  the  result  of  many  trials,  Dr.  Bull  found  that  hydrochloric 
acid  was  the  best  solvent  for  the  earthy  joarticles  of  bone,  and 
that  sulphuric,  and  still  more,  sulphurous  acid  were  rather- 
unserviceable  for  the  same  purpose.  His  method  was  to  soak 
small  pieces  of  cotton  in  a  solution  of  hydrochloric  acid  (2 — 4  per 
cent.),  and  lay  them  on  visible  portions  of  diseased  bone.  The 
cotton  was  allowed  to  remain  for  twenty-four  hours,  and  then 
removed.  The  applications  were  continued  at  intervals  until  dis- 
charge ceased,  and  the  vacant  place  in  the  bone  was  then  found  to 
be  occupied  by  a  soft  mass,  presumably  cartilage,  proceeding  from 
the  bone  bordering  the  dead  part.  The  treatment  was  sometimes 
continued  for  three  or  tour  months. 

There  are.  however,  obvious  dangers  connected  with  the 
application  of  acids  \^'ithin  the  tympanum,  and  the  object  aimed 
at  can  often  be  attained  more  rapidly  and  with  less  risk  by  the 
use  of  a  sharp  curette  or  spoon.  This  latter  is  well  adapted  for 
the  removal  of  small,  circumscribed  patches  of  diseased  bone 
from  the  inner  wall  of  the  tympanum.  There  is,  of  course,  less, 
difficulty  in  dealing  with  caries  of  the  mastoid  portion  or  external 
meatus.  Special  care  is  necessary  when  removal  of  diseased  bone 
from  any  part  of  the  tympanum  is  the  object  in  view.  The 
treatment  of  caries  and  necrosis  of  the  mastoid  process  will  bc^ 
described  in  a  subsequent  chapter. 

It  remains  to  consider  the  treatment  of  those  cases  in  which 
the  ossicles  are  especially  involved.  Caries  of  the  malleus  is  often 
associated  with  disease  affecting  neighbouring  portions  of  the  roof 
of  the  tympanum  and  with  perforation  of  Shrapnell's  membrane. 
Granulations  are  apt  to  protrude  through  such  an  opening,  and 
to  be  formed  upon  its  borders.  When  these  conditions  coexist, 
the  case  is  always  chronic,  and  the  ordinary  therapeutical  measures 
are  generally  unsuccessful.  Eemoval  of  the  malleus  and  a  portion 
of  the  membrane  \\ould  appear  to  be  the  best  plan  of  treatment 
*  Archives  of  Otologi/,  vol.  xviii.  p.  123. 
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in  these  cases,  and  to  yield  good  results  after  other  methodr^ 
have  failed.  Before,  however,  resorting  to  such  an  operation,  it 
is  well  to  try  the  effect  of  removing  the  granulations  and  of 
astringent  remedies  introduced  by  means  of  a  small  tympanic- 
tube  passed  through  the  perforation. 

In  the  cases  under  consideration  when  the  opening  in  the  mem- 
l)rane  is  large,  the  handle  of  the  malleus  is  often  drawn  inwards,  and 
so  placed  as  to  be  reached  with  difficulty.  The  patient  must  of 
course  be  under  the  influence  of  an  anaesthetic,  and  the  steps  of 
the  operation  consist  in  detaching  the  membrane  at  its  circumfer- 
ence, dividing  the  tendon  of  the  tensor  tympani,  cutting  through 
the  articulation  bet^^■een  the  incus  and  malleus,  and  extracting  the 
latter  with  forceps  or  a  wire  loop.  If  the  incus  be  likewise 
carious,  it  must  be  removed  with  a  hook  adapted  for  the  purpose- 
It  is  probable  that  the  caries  of  the  roof  of  the  tympanum,  near  to- 
Shrapnell's  membrane,  will  then  be  within  reach,  and  if  so,  an 
attempt  may  be  made  to  remove  the  diseased  bone  with  a  small 
curette,  bent  at  a  suitable  angle.  A  much  more  formidable  opera- 
tion has  been  proposed  by  Stacke.*  He  detaches  the  auricle  and 
draws  it  do^^•n  with  the  cartilaginous  meatus  ;  he  then  separates, 
the  periosteum  from  the  bony  meatus,  and,  after  removing  the 
malleus,  chisels  away  the  layer  of  bone  above  the  membrana. 
tympani,  tiius  opening  the  so-called  •*  attic"  from  the  outside,  and 
making  it  one  with  the  tympanum.  The  seat  of  the  disease  is. 
thus  freely  exposed,  and  it  may  be  treated  either  bv  scraping  or 
the  application  of  strong  solutions  of  nitrate  of  silver. 

As  a  general  rule,  removal  of  the  ossicles  can  be  effected 
\\'ithout  injury  to  other  parts,  but  the  chorda  tympani  nerve  is 
sometimes  torn  through.  The  ends  of  the  nerve,  however,  soon 
become  united,  and  its  function  is  restored.  The  Fallopian  canal 
is  occasionally  opened,  especially  ^^'hen  the  incus  is  being- 
removed.  Another  and  a  somewhat  common  result  of  the  opera- 
tion is  the  setting  up  of  purulent  inflammation  of  the  middle 
ear  ;  this,  however,  is  easily  dealt  with.,  inasmuch  as  there  is  free 
vent  for  the  secretions. 

There  is  a  considerable  mass  of  evidence  to  the  effect  that  this 

operation  proves,  on  the  whole,  very  successful.     In  many  cases. 

the  suppuration  ceases  completely  with  the  removal  of  the  cause. 

It  is  not  to  be   expected  that  even  so  serious  an  operation  \\ill 

*  Archil:  f.  Ohrenheilhunde,  vol.  xxxi.  p.  201. 
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cure  all  cases  of  caries  of  the  ossicles  and  roof  of  the  tympanum, 
for  the  ulcerative  processes  localised  in  these  parts  of  the  middle 
ear  often  constitute  onl}^  a  portion  of  the  disease  which  affects 
the  temporal  bone.  In  those  cases  in  which  excision  of  the 
ossicles  and  treatment  directed  to  the  upper  part  of  the  tym- 
panum fail  to  check  the  sj'mptoms.  it  is  reasonable  to  assume 
that  disease  exists  in  other  portions  of  the  cavity,  not  accessible 
to  operation.  With  regard  to  effect  upon  the  hearing-power, 
those  who  advocate  this  method  of  dealing  with  caries  assert 
that  the  operation  seldom  or  never  causes  any  decided  diminution 
of  function.  Even  if  such  a  result  were  sometimes  produced,  it 
would  be  worth  while  to  run  the  risk,  keeping  in  view  the  grave 
dangers  attendant  on  caries,  if  left  to  itself. 

The  treatment  after  the  operation  consists  in  the  adoption  of 
antiseptic  measures  of  all  kinds.  The  best  applications  are 
perchloride  of  mercury  (1  to  1000),  carbolic  acid  (2  per  cent.), 
and  boric  acid  in  powder.  The  instillation  of  rectified  spirit  is 
the  best  method  of  dealing  with  any  granulations  that  may 
remain. 

The  treatment  of  necrosis  resolves  itself  into  the  use  of  anti- 
septics and  the  removal  of  sequestra,  when  these  are  in  process 
of  detachment.  Thev  can  usuallv  be  withdrawn  throuo-h  the 
meatus.  Small  fragments  sometimes  come  away  during  syring- 
ing ;  larger  pieces  may  be  broken  up  with  the  forceps,  and 
removed  with  the  wire-loop  or  sharp  hook.  If  the  dead  portions 
of  bone  be  imbedded  in  the  tissues  and  firmly  held,  and  attempts 
to  divide  them  prove  unavailing,  it  may  be  necessary'  to  detach 
the  auricle  from  the  side  of  the  head  above,  with  the  cartilaginous 
meatus,  so  as  to  obtain  more  room.  Disturbances  of  the  function 
of  the  facial  nerve  usually  subside  as  the  process  in  the  bones 
comes  to  an  end.  The  constant  current,  iodide  of  potassiimi,  and 
tonics  of  various  kinds  will  prove  more  or  less  efficacious  in 
expediting  recovery.  If.  however,  the  canal  be  extensively 
involved,  and  a  large  portion  of  the  nerve  quite  destroyed,  no 
result  can  be  expected  from  any  kind  of  treatment. 
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AFFECTIONS  OF  THE   MASTOID  PKOCESS. 

Alterations  in  Size  of  Cells— Inflammation  of  the  Mastoid  Process— Mastoid 
Periostitis— Inflammation  of  the  Mastoid  Cells— Causes  of  the  Disease 
and  Circumstances  under  which  it  Occurs— Morbid  Appearances- 
Symptoms  and  Course— Caries  and  Xecrosis  of  the  Mastoid  Process 
—Course  and  Consequences  — Prognosis -Treatment  — Indications 
for  Opening  the  Mastoid  Process— Various  Methods  of  Operating- 
Difficulties  and  Objects  of  the  Operation— Appearances  Seen  on 
Opening  the  Mastoid  Process— After-Treatinent— General  Results 
and  Prognosis  of  the  Operation— Statistics— Cholesteatoma— Effects- 
on  Hearing-Function  —  Gravitation- Abscesses  —  Significance  of 
Attacks  of  Fever  after  Operation.    . 

Variations  in  the  Mastoid  Cells.— The  cellular  spaces 

of  the  mastoid  process  are  sometimes  increased  in  size  ;  and  in  rare 
specimens,  owing  to  atrophy  of  the  septa,  the  process  may  be 
found  to  contain  a  single  large  cavity.  In  another  class  of  cases, 
the  cells  are  smaller  than  usual  in  consequence  of  thickening  of 
the  mucous  membrane,  or  of  al^normal  growth  of  the  osseous 
tissue.  In  the  latter  case,  the  cellular  structure  may  be  altogether 
obliterated,  and  the  mastoid  process  converted  into  a  solid  bony 
mass.  This  change  is  not  infrequent  in  advanced  life.  Some- 
times abnormal  communications  exist  between  the  mastoid  cells 
and  the  cellular  structure  of  adjacent  bones ;  thus,  the  cells  of  the 
mastoid  portion  may  open  into  those  of  the  basilar  process  of  the 
occipital.  Owing  to  defective  ossification,  a  fissure  occasionally 
se])arates  the  mastoid  fi'om  the  squamous  portion,  and  by  this, 
channel  pus  may  escape  from  the  cells  into  the  subcutaneous 
tissue.  Atrophy  of  tlie  internal  lamina  of  the  mastoid  process  is 
sometimes  associated  with  dilatation  of  the  lateral  sinus.     Other 
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peculiarities  of  tlie  inaytoid  })rocess  and  cells  have  been  fully 
described  in  the  chapter  dealing-  with  the  anatomy  of  these  parts 
'{see  pac^e  57). 

Inflammation  of  the  Mastoid  Process  seldom  occurs 

alone,  except  as  the  result  of  injury  confined  to  this  spot ;  it  is 
far  more  often  caused  b}^  extension  of  the  process  from  the 
tympanum  or  external  parts,  and  it  ma}^  involve  the  integument, 
periosteum,  the  outer  layer  of  bone  or  the  cells,  or  all  these  parts 
at  the  same  time.  AVhen  the  integument  is  mainly  affected,  the 
inliammation  is  generally  of  the  phlegmonous  type,  and  both  ears 
are  occasionalh^  involved  without  participation  of  the  tympanum. 
The  S3^mptoms  are  redness  and  swelling  of  the  skin  over  the  lower 
part  of  the  mastoid  process  and  the  speedy  formation  of  pus.  The 
swelling  causes  the  auricle  to  project  considerably  from  the  head. 
The  development  and  course  of  the  local  symptoms  are  accom- 
panied by  severe  pain  and  more  or  less  decided  febrile  movement. 
The  pus  is  apt  to  infiltrate  the  tissues,  and  to  cause  fistulous 
passages,  which  open  either  on  the  skin  or  into  the  auditory 
meatus. 

The  Treatment  consists  in  the  local  application  of  cold,  which 
may  be  most  convenienth-  effected  by  means  of  Leiter's  apparatus 
(Fig.  58,  page  138).  This  consists  of  a  series  of  tubes  through 
which  cold  water  circulates.  One  or  two  tubes  surround  the  ear, 
while  six  or  eight  are  applied  to  the  surface  of  the  mastoid  process. 
The  action  of  the  cold  is  aided  by  the  application  of  a  few  leeches, 
and  the  latter  may  be  first  employed.  If  the  inflammation  has 
•extended  so  far  that  the  skin  is  raised  and  boggy,  a  free  incision 
should  be  made  down  to  the  bone,  parallel  to  the  line  of  attach- 
ment of  the  auricle,  and  about  a  quarter  of  an  inch  behind  it. 
The  wound  should  then  be  treated  in  the  ordinary  way,  with 
^varm  applications,  etc.  Purgatives  are  general!}^  indicated,  and 
the  diet  should  be  of  a  non-stimulating  character.  The  pain  is 
usually  sufficient  to  necessitate  rest   and  quiet. 

Periostitis  of  the  Mastoid  Process  is  very  rare  as  an 

independent  affection."  and  is  usually  the  result  of  extension  from 
adjacent  parts.  It  may  of  course  be  set  up  by  direct  injuries  to 
the  process.  It  is  a  not  infrequent  consequence  of  extension  of 
cutaneous  or  periosteal   inflammation  from  the  external  auditory 

*  A  case,  presumably  of  primary  ori^^:!!!,  is  reported  in  tlie  Arch'tvcs  of  Otologi/, 
"-vol.  xiii.  p.  22.     See  also  other  cases  in  same  journal,  vol.  xix.  p.  1^5. 
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meatus,  and  of  suppurative  inflammation  of  the  middle  ear, 
involving  the  mastoid  cells.  In  the  latter  case,  the  morbid  pro- 
cess may  also  affect  the  osseous  lamina,  or  may  leave  it  intact. 
Whenever  fissures  or  cracks  exist  in  the  bone,  a  deeply-seated 
inflammation  may  easily  spread  to  the  superficial  parts.  Sup- 
purative processes  in  the  middle  ear  are  very  liable  to  extend  to 
the  mastoid  cells  when  free  escape  of  the  discharge  is  impeded. 
Small  perforations  in  the  upper  part  of  the  membrane  and 
constrictions  of  the  meatus  are  common  obstacles  of  this 
nature. 

The  Objective  Symptoms  of  mastoid  periostitis  vary  in  degree 
according  to  the  extent  of  tissue  involved.     The  inflammation  may 
spread    over   the  whole  mastoid  region,  and  even  upwards  and 
forwards  towards  the  temple.     The  parts  behind  the  ear  are  red 
and   swollen,    and   the   auricle   stands    out    from    the   head.     The 
swelling  is  somewhat  defined  in  the  early  stages,  but  afterwards 
becomes  diffused ;  sometimes  the  upper  part  of  the  sterno-cleido- 
mastoid    is   stiff  and  swollen ;    the    head    is    turned    towards  the 
opposite  side  and  kept  in  that  position.     There  may  be  more  or 
less  marked  symptoms  in  the  meatus;   e.7.,  redness,  swelling,  and 
perhaps  discharge  of  pus.    Even  when  pus  has  formed,  the  swelling 
behind  the  ear  is  generally  boggy  to  the  touch,  without  giving 
any   distinct  sensation  of  fluctuation.      The  development  of  the 
inflammation  is  not   infrequentl}^  accompanied  by   rigors,  which 
are  succeeded  by  high  fever ;  pain  is  ah\'ays  severe,  and  is  apt  to 
radiate  in  various  directions.     The  entii'e   surface  of  the  part  is 
excessively   tender.      Hearing  is   not  interfered   with   unless  the 
meatus   be   at   the    same   time   affected.      In    rare   cases,    mastoid 
periostitis  runs  its  course  without  pain,  and  with  local  symptoms 
of  an  apparently  slight  nature*  until  an  abscess  forms,  which,  on 
being  opened,  is  found  to  communicate  with  a  portion  of  exposed 
bone.     Sometimes,  even  after  pus  has  formed,  the  osseous  surface 
is  merely  roughened  and  slightly  eroded. 

Mastoid  periostitis  may  terminate  in  resolution  without  sup- 
])uration  ;  and  even  after  pus  has  formed  the  abscess  may  burst 
externally,  or  the  pus  may  be  discharged  from  an  opening  artifi- 
cially made,  with  no  further  ill  consequences.  Caries  of  the 
:5ubjacent    bone    is.    however,    lik'ely    to    occui-    in    children,    and 

*  See  a  ca>e  recordtd  by  Dr.  F.  M.  Wil.'-on  in  Archives  of  (Hohxjy,  vol.  xiv. 
p  25. 
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l)Oi'ti()ns  of  the  external  layer  sometimes  become  necrotic.  The 
pus  sometimes  finds  its  way  into  the  external  meatus,  through  a 
fissure  in  the  cartilage. 

The  Diagnosis  is,  for  the  most  part,  easily  made,  as  the  local 
symptoms  are  generally  distinct.  After  the  aljscess  has  burst  or 
been  opened  artificially,  a  probe  should  be  used  to  determine 
whether  the  bone  is  exposed.  Furuncular  inflammation  and 
enlargement  of  a  gland  close  to  the  mastoid  process  ma}^  cause 
redness  and  swelling  behind  the  ear  ;  l)ut  such  cases  can  always 
be  discriminated  by  careful  examination.  Chronic  periosteal  in- 
flammation and  a  succession  of  abscesses  are  indicative  of  caries 
or  necrosis  of  the  mastoid  process. 

The  Treatment  resembles  that  of  phlegmonous  inflammation, 
and  should  be  energetically  carried  out.  The  application  of 
leeches  should  be  followed  by  that  of  cold  (by  means  of  Leiter's 
apparatus).  If  the  inflammatory  symptoms  do  not  subside  within 
two  or  three  days,  an  incision  should  be  made  down  to  the  bone. 
This  latter  step  should  be  taken  at  once  if  fluctuation  be  detected 
when  the  case  is  first  seen.  After  incision,  the  condition  of  the 
bone  can  be  determined.  Any  existing  sinuses  should  be  slit  u]). 
and  granulations  should  be  scraped  away  with  a  sharp  spoon.  If 
the  abscess  point  in  the  external  meatus,  the  incision  should,  of 
course,  be  made  there. 

Inflammation  of  the  Mastoid  Cells.— This  is  very  rare 

as  a  primary  affection,  but  it  may  occur  as  a  consequence  of  cold 
and  of  direct  injury ;  it  is  most  frequently  the  result  of  extension 
of  inflammation  from  the  tympanum,  and  it  sometimes  follows 
inflammation  of  the  external  meatus.  Foreign  bodies  in  the 
external  meatus  not  infrequently  injure  the  membrana  tympani: 
the  mischief  may  extend  to  the  middle  ear.  causing  suppurative 
inflammation,  and  this  in  turn  may  spread  to  the  mastoid  cells. 
The  mucous  lining  of  the  mastoid  cells  is  continuous  with  that  of 
the  tympanic  cavity,  and  morbid  secretion  easily  finds  its  way 
from  the  latter  to  the  former,  and  is  especially  apt  to  be  retained 
in  those  cells  which  have  a  vertical  direction.  Politzer  thinks 
that  in  cases  of  supposed  primarj'  inflammation  of  the  mastoid 
cells,  the  attack  is  really  due  to  bacterial  infection  from  the  naso- 
pharynx. He  suggests  that  the  microbes  in  the  tympanic  cavity 
may  perish,  while  those  in  the  mastoid  process  may  increase  in 
virulence   owing   to   favourable   conditions   for   development. 
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It  is  probable  that  the  mastoid  cells  are  more  frequently 
affected  in  middle-ear  suppuration  than  is  generally  supposed. 
In  fatal  cases  of  the  latter  disease,  the  walls  of  the  cells  are 
almost  invariably  reddened  and  swollen,  while  the  spaces  are 
occupied  by  sero-mucous  or  bloody  secretion,  or  by  fluid  or 
inspissated  pus.  Even  in  such  cases  there  may  have  been  no 
symptoms  connected  with  the  mastoid  process,  and  hence  the 
absence  of  pain  and  of  external  swelling  over  that  part  of  the 
bone  is  no  indication  that  the  mastoid  cells  are  free  from 
disease. 

The  mastoid  cells  are  especially  liable  to  be  implicated  in  cases 
in  which  any  obstacle  exists  to  the  free  escape  of  secretion.  Such 
impediments,  in  the  form  of  granulations,  polypi,  and  mem- 
branous bands,  are  by  no  means  infrequent.  Retention  of  secretions 
is  also  likely  to  occur  when  the  perforation  is  small  and  situated 
in  the  upper  portion  of  the  membrane,  and  when  the  external 
meatus  is  constricted.  In  cases  of  scarlatina,  tuberculosis, 
syphilis,  and  influenza,  there  would  seem  to  be  a  special  tendency 
towards  the  implication  of  the  mastoid  cells.  Recent  investiga- 
tions have  shown  that  the  spread  of  the  process  is  mainly  due  to 
the  action  of  micro-organisms  (streptococci  and  diplococci),  ^^•hich 
are  often  found  in  the  secretion  in  complicated  cases  of  middle- 
ear  inflammation. 

Morbid  Appearances. — These,  as  mentioned  above,  consist  of 
swelling  and  hyperaemia  of  the  lining  meml)rane,  and  accumu- 
lation of  secretion  in  the  mastoid  cells,  sometimes  to  such  an 
extent  as  to  fill  them  up  completely.  These  appearances  are 
generally  most  prominent  in  the  antrum  ;  but  in  severe  cases  the 
entire  system  of  cells  is  occupied  by  fluids,  which  take  the  place  of 
air,  while  the  spaces  and  their  communications  are  much  reduced 
in  size  owing  to  the  swelling  of  the  mucous  membrane.  The 
inflammation  may  be  limited  to  the  muco-periosteal  membrane, 
or  may  extend  to  the  osseous  walls  of  the  cells. 

When  the  secretion  occupying  the  cells  is  largely  purulent, 
the  condition  resembles  that  of  an  al)scess  which  may  either  com- 
municate with  the  tympanic  cavity  or  be  separated  therefrom 
by  membranous  formations.  Caries  and  necrosis  are  the  usual 
rt'sults  ;  these  processes  are  more  common  in  the  mastoid  portion 
than  in  any  other  part  of  the  temporal  bone,  and  children  con- 
stitute the  majority  of  the  i)atients.     The  anatomical  structure  of 
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tlie  ])ai't  facilitates  the  development  of  the  morbid  processes.  The 
inflammation  of  the  mncous  membrane  lining  the  cells  tends  to 
involve  the  osseous  tissue,  and  retention  of  exudation  is  favoured 
by  the  arrangement  of  the  cells  and  the  minuteness  of  the  orifices 
by  which  they  connnunicate  with  each  other.  Necrosis  mav  affect 
l)ortions  in  the  interior  of  the  process,  or  of  the  internal  or 
external  surface.  JVriostitis,  with  purulent  effusion  separating 
the  membrane  from  the  bone,  generalh'  precedes  necrosis  of  the 
external  layer.  In  severe  cases  the  greater  part  of  the  mastoid 
process  is  eventually  detached  as  a  sequestrum,  and  sometimes  the 
bony  wall  of  the  lateral  sinus  is  similarly  affected.  During  its 
progress,  the  disease  of  the  bone  causes  abscesses  and  listulous 
openings  to  be  formed  in  the  soft  parts.  Such  openings  are  most 
often  found  on  the  surface  of  the  process  and  in  the  posterior  wall 
of  the  meatus.  But  the  pus  may  burroA\'  inwards  and  do\^'nwards 
in  the  connective  tissue  of  the  neck,  and  openings  ma}'  form  as 
lov\'  down  as  the  scapula  and  even  in  the  axilla.  A  more  serious 
condition  of  things  occurs  when  the  pus  makes  its  way  towards 
the  cranial  cavity,  where  it  may  set  up  sub-dural  abscess,  men- 
ino-itis.  cerebral  abscess,  or  thrombosis  of  the  lateral  sinus.  O^^'ino• 
to  the  free  communication  with  the  sinus  by  means  of  the  mastoid 
veins,  extension  of  inflammation  to  the  former  part  may  easily 
take  place.  In  yet  another  class  of  cases  the  suppuration  involves 
the  external  semi-circular  canal  and  the  internal  ear,  and  purulent 
secretion  may  also  find  its  way  into  the  cranium  along  the  con- 
nective tissue  occupying  the  loop  formed  by  the  superior  canal. 
Under  this  latter  part  in  the  young  subject  an  irregular  opening 
often  exists  (the  hiatus  suharcuatus),  having  an  external  aperture 
on  the  posterior  surface  of  the  petrous  portion  below  the  groove 
for  the  superior  petrosal  sinus,  and  on  a  plane  behind  the  meatus. 
When  a  large  portion  of  the  mastoid  process  has  been  de- 
stroyed, the  brain-substance  itself  may  be  exposed,  as  in  a  case 
recorded  by  Kuhn.'*  The  patient  was  a  girl,  aged  eight,  the 
subject  of  middle-ear  suppuration  associated  ^^•ith  scarlatina. 

■  Inflammation  of  the  mastoid  cells  does  not  always  result  in 
caries  or  necrosis.  In  some  cases  of  a  chronic  type,  the  process 
induces  a  hyperplasia  of  the  walls  of  the  cells,  and  Anally  a 
complete  sclerosis  of  this  portion  of  the  bone.  The  cells,  whether 
diploetic  or  pneumatic,  are  gradually  filled  up  by  bonj^  growth. 
*   I'cber  Prolo2)i<vs  Cerebelli  Durch  Cariose  LUclien,  A.f.O.  xxvi.  S.  56. 
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Sometimes  the  periosteum  is  likewise  implicated,  and  the  surface 
of  the  bone  becomes  roughened  or  studded  over  with  many  promi- 
nences. In  such  cases,  the  walls  of  the  tympanum  itself  are 
not  infrequently  thickened  by  osseous   deposits. 

Symptoms. — These  vary  with  the  cause  and  degree  of  the  in- 
flammation. When  resulting  from  the  extension  of  suppurative 
processes  from  the  tympanum,  they  may  for  some  time  be  masked 
by  those  of  the  original  affection.  They  may  either  precede  or 
follow  perforation  of  the  t^'mpanic  membrane.  The  patient  com- 
plains perhaps  of  a  feeling  of  fulness  or  uneasiness  in  the  mastoid 
process,  or  the  part  may  be  swollen  and  hot,  and  excessively 
painful  and  tender.  More  or  less  fever  and  headache  are  gener- 
ally present ;  the  pain  is  aggravated  by  movements  of  the  head, 
and  exacerbations  are  apt  to  occur  at  night.  In  some  cases, 
however,  in  which  the  mastoid  cells  contain  a  considerable  amount 
of  pus,  there  is  a  remarkable  absence  of  symptoms  (tenderness, 
heat,  and  swelling)  in  the  process  itself,  though  there  may  be 
severe  pain  in  other  parts  of  the  head.'^  If,  as  generally  happens, 
the  external  parts  are  simultaneously  involved,  the  symptoms 
already  described  (see  page  479)  will  be  more  or  less  conspicuous. 
The  meatus  is  usually  swollen ;  its  upper  and  posterior  walls  are 
often  tense  and  prominent.  A  diminution  of  the  discharge  is 
a  common  symptom,  and  is  generally  indicative  of  some  obstruc- 
tion in  the  meatus  or  tympanum.  The  perforation  is  most  often 
situated  in  the  posterior  superior  quadrant  of  the  membrane. 
Inflammation  in  the  interior  of  the  mastoid  process  has  been 
observed  to  occur  several  weeks  after  the  apparent  termination 
of  acute  inflammation  and  suppuration  in  the  tympanum ;  but 
so  long  an  interval  is  quite  an  exception  to  the  rule.  In  another 
class  of  cases,  the  mastoid  affection  coincides  with  some  exacer- 
bation of  the  original  disease. 

The  course  of  the  affection  varies  considerably  in  different 
cases.  When  due  to  injury,  or  to  the  presence  of  a  foreign  body 
in  the  meatus,  the  inflammation  may  rapidly  assume  a  serious 
form  and  extend  to  the  membranes  of  the  brain,  -with  a  fatal 
result  within  a  few  days.  On  the  other  hand,  under  proper 
treatment,  the  inflammation  may  subside  in  a  week  or  ten  days  ; 
but  in  cases  due  to  extension  the  course  is  apt  to  be  long  and 
tedious,  and  disease  of  the  bones  (caries  or  necrosis,  or  both)  is 
*  Roosa's  Diseases  of  the  Ear,  7th  Edition,  p.  525. 
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liable  to  set  in.  The  process  may  continue  in  the  mastoid  cells 
for  some  time  after  the  original  affection  has  subsided,  and 
without  causing  any  observable  symptoms.  The  periosteum,  in 
chronic  cases,  often  becomes  thick  and  rough. 

In  severe  cases  the  most  common  course  is  the  formation  of 
an  abscess  in  the  bone,  and  this  again  is  followed  by  necrosis  and 
caries,  affecting  either  the  deep  or  superficial  layers.  These 
consequences  (which  are  not  uncommon  in  otitis  due  to  influenza) 
are  sometimes  averted  by  the  escape  of  the  pus  into  the  tym- 
panum and  auditory  meatus  :  but  the  mastoid  cells  are  often  cut 
off  from  the  former  cavity  by  caseous  or  granulation  masses  which 
block  up  the  antrum.  In  the  absence  of  treatment,  the  pus 
usually  finds  its  way  to  the  surface  of  the  process,  and  one  or 
more  openings  take  place  externally.  Less  commonly,  an  open- 
ing is  formed  through  the  posterior  wall  of  the  meatus ;  in  rare 
cases  the  pus  breaks  through  the  process  on  its  internal  aspect. 
Very  serious  complications  are  developed  when  the  wall  of  the 
lateral  sinus  or  the  roof  of  the  mastoid  antrum  gives  way. 

Caries  and  Necrosis  of  the  Mastoid  Process  as  a  result 

of  inflammation  of  the  mastoid  cells  are  most  common  in  children. 
The  two  processes  are  often  united,  the  cellular  tissue  of  the  bone 
being  the  seat  of  caries,  while  the  compact  substance  becomes 
necrotic.  The  formation  of  abscesses  and  fistulous  openings  has 
been  already  alluded  to.  In  scrofulous  children,  as  a  result  of 
periostitis,  patches  on  the  surface  of  the  mastoid  process  are  apt 
to  become  carious,  without  participation  of  the  deeper  portions. 

It  is  remarkable  that  caries  and  necrosis  of  the  mastoid 
process  may  go  on  for  some  time  and  result  in  considerable 
destruction,  Avithout  causing  any  marked  subjective  or  objective 
symptoms.*  Instances  of  this  kind  are  not  infrequent  in  tuber- 
culous subjects.  There  is.  however,  usually  more  or  less  pain 
or  uneasiness  in  the  part  and  tenderness  on  pressure,  and  the 
periosteum  is  apt  to  become  swollen  and  inflamed.  If  an  incision 
be  made,  the  finger  or  probe  will  detect  dead  bone  or  fistulous 
openings.  The  latter  are  apt  to  be  occluded  by  granulation 
tissue,  which  is  sometimes  so  abundant  as  to  cause  a  sensation 
of  fluctuation  before  the  skin  has  been  perforated  or  the  parts 
laid  bare  by  an  incision. 

*  See  a  report,  by  Dr.  H.  Ferrer,  of  a  case  in  which  external  symptoms  were 
absent,  Archives  of  Otology,  vol.  xvii.  p.  314. 
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It  sometimes  happens  that  the  pus  of  an  abscess  in  the 
mastoid  process  finds  its  way  to  the  surface  through  the  posterior 
wall  of  the  external  meatus.  In  such  a  case  the  discharge  is 
preceded  by  inflammation  of  the  periosteum  and  bulging  of  the 
wall  of  the  meatus,  perhaps  to  such  an  extent  as  completely 
to  occlude  the  passage.  After  discharge  of  the  pus,  a  fistulous 
opening  remains,  more  or  less  covered  up  by  sprouting  granula- 
tion tissue. 

In  those  cases  in  which  the  disease  of  the  bones  is  due  to 
extension  of  suppurative  inflammation  from  the  tympanum,  per- 
foration of  the  membrane  is  almost  invariably  present.  The 
membrane  has,  however,  been  found  normal  in  such  cases. 

The  Course  of  the  morbid  process  when  the  bone  is  affected 
varies  in  different   cases.     Extension   of  the  inflammation   in  an 


A  Sequkstrum  from  the  Mastoid  Process,  with  a  portion  of  the  groove  (a)  for  the  lateral 
sinus.  It  was  removed  by  the  author  from  a  child,  aged  live  years,  who  was  brought  to  the 
London  Hospital  on  account  of  a  purulent  discharge  from  the  right  ear  following  scarlet 
fever. 

outward  direction,  with  periostitis  and  abscess  as  results,  is  the 
most  common  course.  Several  such  abscesses,  in  more  or  less 
rapid  succession,  over  the  mastoid  process  are  indicative  of  disease 
of  the  bone.  Sometimes  the  pus  finds  its  way  down  the  side  of 
the  neck  and  forms  a  swelling  of  considerable  size  ;  it  may  pass 
forwards  to  the  side  of  the  pharynx  and  downwards  even  as  far 
as  the  pleura.  The  inflammation  may  likewise  extend  towards 
the  cranial  cavity,  and  set  up  phlebitis  of  the  lateral  sinus,  or 
involve  the  Fallopian  aqueduct  and  the  membranes  of  the  brain. 
This  latter  result  is  not  infrequent  in  children ;  in  adults  the 
cerebellum  is  most  often  affected.  In  favourable  cases  the 
carious  and  necrotic  portions  are  detached,  the  granulation  tissue 
is  absorbed,  and  healing  takes  place  (see  Fig.  120).  Sometimes 
a    good  result  is   obtained   after  exfoliation   of  the  whole   of  the 
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mastoid  process.  On  the  other  hand,  only  small  portions  of  bone 
may  be  detached,  and  fistulous  openings  may  remain  for  some 
years,  or  until  properly  dealt  with.  Polypous  growths  are  apt 
to  form  in  cavities  left  after  the  discharge  of  an  abscess,  and 
ma}^  assume  a  large  size. 

The  Prognosis  in  these  cases  of  mastoid  disease  varies  with 
the  cause,  extent,  and  severity  of  the  affection,  and  with  the 
general  health  of  the  patient.  It  is  favourable  when  the  lesion 
is  not  deeply  seated,  and  ^^'hen  all  secretions  can  escape  from 
the  meatus  and  the  patient  exhibits  no  signs  of  any  marked 
dyscrasia.  It  is  unfavourable  in  tuberculous  cases,  and  when 
there  is  extensive  and  deep-seated  caries  and  pent-up  secretions, 
with  intermittent  febrile  attacks,  and  when  the  tympanum  is  the 
seat  of  severe  and  chronic  changes.  The  prognosis  is  always 
serious  whenever  there  are  symptoms  of  extension  of  the  inflam- 
mation to  the  membranes  of  the  brain.  Attacks  of  partial  or 
complete  unconsciousness,  restlessness,  and  feverishness  are 
ahvaj'S  of  grave  import  when  occurring  in  a  person  suffering 
from  disease  of  the  mastoid  process. 

Treatment. — In  treating  a  case  of  inflammation  of  the  mastoid 
cells,  the  cause  of  the  mischief  is  the  first  point  to  be  ascertained. 
If,  as  often  happens,  there  be  chronic  suppurative  inflammation  of 
the  tympanum,  this  must  be  treated  in  the  manner  already  laid 
down.  When  there  are  evidences  of  accumulation  of  pus  in  the 
mastoid  cells,  and  the  membrana  tympani  is  found  to  be  destroyed 
or  perforated,  the  best  plan  to  adopt  is  to  wash  out  the  cells  with 
the  aid  of  a  bent  catheter  introduced  into  the  tympanic  cavity. 
The  point  of  the  catheter  should  be  directed  upwards  and  back- 
"\\'ards,  so  that  the  fluid  may  pass  towards  the  antrum.  The 
subsequent  injection  of  air  or  fluids  through  the  Eustachian  tube 
to  ensure  thorough  cleansing  of  the  tympanum  is  also  likely  to  be 
serviceable.  Another  method  worthy  of  trial  is  to  exhaust  the 
air  in  the  tympanum,  in  order  to  withdraw  secretion.  Such 
measures  as  enlargement  of  a  small  perforation,  the  formation 
of  a  second  opening  in  the  \o^\ev  half  of  the  membrane,  and  the 
removal  of  granulations  preventing  the  escape  of  secretion,  are 
often  requisite  in  these  cases. 

WheneA'er  there  are  indications  that  these  methods  of  treat- 
ment will  prove  unavailing,  the  cpiestion  of  opening  the  mastoid 
antrum  will  suggest  itself  for  consideration.     The  object  aimed  at 
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is  to  provide  a  channel  for  the  escape  of  purulent  matter.  In  most 
of  these  cases,  evidences  of  purulent  accumulation  between  the 
inte«'ument  and  bone  will  have  necessitated  an  incision  down  to 
the  latter  structure  ;  but  this  operation,  thouoh  often  followed  by 
considerable  relief  to  the  local  symptoms,  will  not  be  sufficient 
unless  the  osseous  shell  has  already  given  way.  in  which  case  the 
pus  may  be  reached.  As  a  general  rule,  the  incision  should  be 
made  from  below  upwards,  about  a  cpiarter  of  an  inch  behind  the 
attachment  of  the  auricle  ;  it  can  then,  if  necessary,  be  utilised  for 
the  operation  of  opening  the  mastoid  process.  If  the  s^'mptoms 
be  only  temporarily  improved  by  the  incision,  the  more  serious 
operation  must  not  be  delayed. 

Accordino-  to  Prof.  H.  Schwartze.  the  followiup"  indications  for 
opening  the  mastoid  process  are  in  accordance  with  the  teachings 
of  accumulated  experience. 

1.  In  acute  inflammation,  either  primary  or  secondary,  of  the 
mastoid  process,  when  antiphlogistic  remedies  (especially  the 
application  of  ice)  fail  to  relieve  the  pain,  oedema  and  fever 
within  eight  days,   at  the  farthest. 

2.  In  chronic  inflammation  of  the  mastoid  process,  attended 
with  recurrent  swelling  of  the  part,  or  with  the  formation  of 
abscesses  or  cutaneous  fistulae,  with  gravitation  abscesses  in  the 
lateral  or  posterior  parts  of  the  neck,  in  the  meatus  or  pharynx, 
even  in  the  absence  of  any  obvious  symptoms  of  a  directh' 
threatening  character. 

3.  In  chronic  suppuration  of  the  middle  ear.  without  external 
signs  of  inflammation  of  the  mastoid  process,  whenever  symptoms 
occur  suggestive  of  the  advent  of  dangerous  complications  result 
ing  from  retention  of  secretion  or  the  formation  of  cholesteatoma. 

4.  In  neuralgia  of  the  mastoid  process,  unrelieved  by  other 
methods  of  treatment. 

5.  As  a  prophylactic  measure  against  the  fatal  results  of 
incurable  foetid  middle-ear  suppuration,  without  signs  of  mastoid 
inflammation  or  of  retention  of  secretion  (pain  and  fever)  ;  the 
operation  should  be  performed  as  soon  as  carefid  otoscopic 
examination  has  demonstrated  the  fact  that  the  suppuration  is 
not  confined  to  the  tym])anic  cavity. 

These  indications  recjuire  some  additional  explanations  and 
illustrations.  Considerable  experience  is  requisite  to  enable  the 
j^urgeon  to   decide  as  to  the   necessity  of  an  operation  in  a  case 
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of  purulent  intlamniation  of  the  mastoid  cells.  Severe  uncontrol- 
lable pain  is  generally  regarded  as  a  special  indication ;  l)ut  as  a 
matter  of  fact,  this  symptom  is  by  no  means  pathognomonic  of  the 
condition  in  ciuestion.  It  may  indeed  be  due  to  inflammation 
strictly  limited  to  the  periosteum.  A  more  trustworthy  indication 
is  to  be  found  in  the  presence  of  inflammatory  s\\'elling  of  the 
meatus,  involving  especially  the  posterior  superior  wall  of  the 
osseous  portion,  and  a  similar  appearance  belo^^'  the  apex  of  the 
process.  Pus  may  break  through  into  the  meatus  liy  one  or  more 
openings,  from  which  granulations  are  apt  to  sprout,  so  as  to 
block  up  the  passage.  Swelling  of  this  character,  involving  the 
posterior  superior  wall  of  the  osseous  meatus,  must  be  dis- 
tinguished from  a  similar  condition  of  the  roof  of  the  meatus, 
close  to  the  tympanic  membrane,  and  due  to  extension  of  inflam- 
mation from  the  upper  t^'mpanic  spaces.  Ordinary  furuncular 
inflammation  may  cause  somewhat  similar  appearances  :  but  the 
history  of  the  case  will  suffice  to  distinguish  it  from  suppura- 
tion of  the  mastoid  cells. 

AVhen  openings  already  exist  in  the  bone,  the  operation 
will  certainly  tend  to  lessen  the  duration  of  the  disease,  and  to 
prevent  further  consequences.  Spontaneous  recovery  under 
ordinary  treatment  is.  however,  not  infrequent  in  children  :  and 
in  these  subjects,  if  the  general  health  be  fair,  and  the  discharge 
can  freely  escape,  operative  interference  may  often  be  dispensed 
with. 

The  conditions  described  under  the  third  heading  require  to 
be  carefully  considered.  In  cases  of  middle-ear  suppuration, 
with  no  external  symptoms  referable  to  the  mastoid  process,  the 
setting-in  of  pain  and  fever,  accompanied  by  the  sudden  cessa- 
tion of  previously  copious  discharge,  indicates  retention  of  secre- 
tion, which  is  liable  to  cause  dangerous  complications.  If  the 
symptoms  be  not  relieved  by  ordinary  measures  (e.'/..  syringing- 
by  the  meatus,  and  injections  through  the  Eustachian  tube), 
opening  of  the  mastoid  antrum,  either  from  the  external  surface  or 
from  the  meatus,  should  be  undertaken  without  delay.  The 
operation  is  even  more  decidedly  indicated  when  the  presence  of 
cholesteatomatous  masses  in  the  middle  ear  is  associated  with 
symptoms  of  cerebral  irritation.  In  such  cases  palliative  measures 
are  always  useless,  and  are  certain  to  prove  mischievous,  inasmuch 
as    they   cause    the    postponement  of  the   operation,   which  alone 
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is  likely  to  be  attended  ^\ix\\  good  results.  In  these  cases  the- 
opening  should  be  large,  so  that  the  morbid  material  is  rendered 
freely  accessible. 

Dr.  Schwartze  has  applied  the  term  "neuralgia"  to  cases  in 
^^■llich  the  mastoid  process  is  the  seat  and  starting-point  of  severe 
and  persistent  pain,  in  the  absence  of  any  external  signs  of" 
inflammation,  and  without  retention  of  discharges.  Examination 
of  the  meatus  reveals  either  a  normal  condition  or  such  indications 
of  previous  middle-ear  suppuration  as  cicatrices  or  calcareous 
deposits  in  the  membrane.  The  hearing-power  is  either  normal 
or  more  or  less  diminished.  The  pain,  which  is  often  very  severe,, 
is  liable  to  remissions  or  intermissions,  and  is  never  accompanied 
by  fever;  the  complaint  is  most  common  in  young  and  anemic 
persons.  According  to  Schwartze  it  is  by  no  means  rare,  and 
always  yields  to  partial  removal  of  the  outer  layer  of  the  mastoid 
process.  It  is  but  little  affected  by  ordinary  anti-neuralgic 
treatment  and  counter-irritation.  Complete  exposure  of  the 
antrum  is  unnecessary  ;  all  that  is  requisite  is  to  remove  a  funnel- 
shaped  portion  of  bone  from  the  surface  of  the  process,  and 
thereby  to  open  a  number  of  terminal  pneumatic  cells.  In  the 
subsequent  treatment  drainage  is  unnecessary ;  the  edges  of  the- 
wound  should  be  brouo-ht  too'ether  bv  sutures. 

The  operation  is  sometimes  desirable  as  a  prophylactic  measure, 
but  great  care  is  necessary  in  recommending  its  performance  in 
any  given  case.  The  symptoms  may  subside  luider  ordinary 
medicinal  treatment,  or  after  less  formidable  operations,  such  as 
the  removal  of  carious  ossicles  or  the  opening  of  the  tympanic 
attic.  Incurable  fcetid  otorrhoea  is  not  a  sufficient  indication,, 
unless  the  symptoms  point  to  the  mastoid  process  as  the  principal 
seat  of  disease.  If  the  suppuration  be  limited  to  the  tympanum 
proper,  opening  the  mastoid  antrum  will  prove  useless  though  it 
may  not  do  any  harm. 

An  abscess  may  exist  in  the  mastoid  process,  and  may  even 
be  accompanied  by  extensive  caries  and  necrosis  without  causing- 
any  external  symptoms ;  in  such  cases  the  outer  layer  of  bone  is 
sometimes  much  thickened  and  indurated,  while  in  other  instances 
the  process  is  converted  into  an  almost  solid  mass  of  bone,  with 
perhaps  a  little  caseous  pus  or  mass  of  cholesteatoma  occupying- 
the  cavity  of  the  antrum.  In  most  cases,  however,  there  is  a 
fistulous  opening   in  the  osseous  meatus,  or  a  perforation  in  the 
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posterior  and  upper  part  of  the  tympanic  niemhrane.  and  some- 
times a  large  carious  opening,  throngli  wliich  a  snitahlv  bent 
probe  may  be  passed  into  the  mastoid  process. 

The  indications  mentioned  under  the  first  three  lieadings  can 
often  be  reinforced  by  tlie  results  of  an  ophthalmoscopic  examina- 
tion. The  earliest  appearances  of  pathological  hyperoemia  of  the 
optic  papilla  in  an  eye  previously  normal,  must  give  rise  to  the 
suspicion  of  intracranial  complications,  and  would  be  an  addi- 
tional indication  for  opening  the  mastoid  process.  The  absence 
of  any  other  cause  which  would  account  for  the  hyperemia  in 
the  fundus  oculi  must,  of  course,  be  determined.  If  there  be 
decided  optic  neuritis,  which  may  be  the  earliest  sign  of  an 
intracranial  complication,  the  operation  is  still  indicated,  though 
it  is  likely  to  be  too  late  to  be  of  any  service.  If  the  eye- 
symptoms  continue  unchanged  after  the  operation,  the  prognosis 
is  very  unfavourable.  The  appearances  in  the  eye  are  due  to 
inflammatory  increase  of  the  sub-arachnoid  fluid,  and  its  me- 
chanical accumulation  in  the  sheath  of  the  optic  nerve.  It  is 
possible  that  the  lymph-canals  around  the  central  vessels  may 
be  irritated  and  plugged  up  by  micro-organisms,  but  the  extent 
to  which  the  symptoms  are  due  to  this  cause  has  not  been  clearly 
ascertained. 

Exclusive  of  those  general  morbid  conditions  which  interfere 
with  the  success  of  all  operations,  purulent  meningitis  is  held  by 
Prof.  Schwartze  to  he  the  only  counter-indication  to  the  operation 
under  discussion.  In  the  earlv  stao-e.  the  exclusion  of  menino-eal 
suppuration  cannot  ah\ays  be  depended  upon  :  the  use  of  the 
ophthalmoscope  should  never  be  neglected.  According  to  the 
same  authority,  coma  is  a  very  unfavourable  symptom,  and  contra- 
indicates  the  operation ;  on  the  other  hand,  delirium,  vertigo, 
difference  in  the  size  of  the  pupils,  double  vision  from  paralysis 
of  the  ocular  muscles,  sopor,  and  even  unilateral  motor  paralysis 
of  the  extremities,  may  prove  to  be  transient,  and  do  not  prevent 
the  success  of  the  operation. 

The  anatomical  relations  of  the  mastoid  process  are  such  as  to 
render  great  care  necessary  in  performing  the  operation.  The 
internal  surface  is  in  close  contact  with  the  lateral  sinus  and  with 
the  floor  of  the  posterior  fossa  of  the  base  of  the  skull.  The  spot 
at  which  the  sinus  is  nearest  to  the  surface  is  situated  about  three- 
fifths  of  an  inch  1)ehind  the  process  of  bone  which  is  just  above 
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the  meatus.  The  line  of  the  posterior  attachment  of  the  auricle 
corresponds  with  the  deepest  portion  of  the  fossa  of  tlie  sinus. 

The  instruments  especially  requisite  for  the  operation  are :  two 
or  more  strong  scalpels,  a  director  and  probe-pointed  bistoury, 
hooks  for  separating  the  edges  of  the  wound,  probes  of  various 
sizes,  several  small  chisels  and  gouges  for  removing  the  layers  of 
bone,  a  surgical  hammer,  and  sharp  spoons  of  various  sizes  for 
scraping  out  cavities.  Instruments  for  checking  haemorrhage, 
needles,  scissors,  cotton-wool,  iodoform  gauze,  bandages,  sterilised 
sponges  must,  of  course,  be  at  hand.  It  is  well  to  be  provided 
also  with  an  ear-sja^inge,  a  t3nnpanic  irrigator,  and  Eustachian 
catheters. 

The  safest  spot  for  perforating  the  bone  is  situated  about  one- 
fifth  of  an  inch  below  the  linea  temporalis  (which  is  the  con- 
tinuation backwards  of  the  upper  border  of  the  zj^goma),  and  at 
about  the  same  distance  behind  the  posterior  wall  of  the  meatus, 
and  nearly  on  a  level  with  the  upper  wall.  Perhaps  the  best 
directions  that  can  be  given  are  : — Draw  a  horizontal  line  across 
the  upper  margin  of  the  meatus,  and  a  vertical  line  a  quarter  of 
an  inch  behind  the  opening;  the  meeting  point  of  these  two  lines 
AN'ill  indicate  the  proper  spot  for  perforating  the  bone.  In  66  per 
cent,  of  the  skulls  examined  by  Dr.  Hartmann,  the  floor  of  the 
middle  fossa  of  the  base  was  above  the  linea  temporalis,  at  a 
distance  of  two-fifths  of  an  inch  behind  the  external  meatus.  A 
similar  investigation,  undertaken  by  Dr.  Schiilzke,  yielded  a  pro- 
portion of  82'5  per  cent. 

Mr.  Barker's  rules  for  opening  the  mastoid  antrum  and  cells 
are  as  follows  : — The  patient  is  placed  in  a  supine  position,  with 
the  head  turned  towards  the  sound  side ;  the  operator  stands 
beside  the  patient's  head,  on  the  affected  side.  The  instruments 
required  are  a  strong  scalpel,  a  narrow  chisel,  a  narrow  gouge, 
arter}^  forceps,  probes,  and  sharp  spoons.  The  point  to  be  aimed 
at  is  the  antrum;  opening  this  will  drain  the  mastoid  cells  and  the 
lymphatics.  An  incision  is  made  to  the  bone,  a  quarter  of  an  inch 
l)ehind  the  auricular  insertion,  and  vertical!}'  downwards,  its  centre 
l)eing  at  the  level  of  the  meatus.  The  bone  is  to  be  examined  at 
the  junction  of  this  line  with  another  running  horizontally  at  the 
level  of  the  roof  of  the  canal.  If  the  bone  be  soft  and  spongy, 
it  should  be  cut  with  the  chisel  or  gouge,  so  as  to  open  up  the 
cavity  of  the  middle  ear  at  the  posterior  and  upper  part.     A'ery 
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often  tlu^  bone  is  so  soft  that  the  knife  only  is  required.  If  no 
pns  escape,  the  bone  shoukl  be  gouged  below  and  behind  this 
point  for  the  mastoid  cells,  taking  care  to  avoid  the  lateral  sinus. 
The  outer  part  of  the  mastoid  process  may  be  freely  removed,  and 
even  the  groove  in  the  bone  for  the  lateral  sinus  may  be  opened 
without  injury  to  the  latter.  When  the  pus  has  been  evacuated, 
the  opening  should  be  scraped  carefully  with  a  sharp  spoon,  well 
washed  out,  and  then  dusted  over  with  iodoform.  Afterwards, 
boric  acid  forms  the  best  application ;  a  drainage  tube  is  often 
desirable. 

In  operating  upon  children,  the  opening  should  never  be 
belo^^'  a  line  level  with  the  roof  of  the  meatus,  and  just 
behind  a  line  perpendicular  to  its  posterior  wall.  In  adults,  the 
opening  should  be  a  little  below  and  behind  this  spot ;  the  gouge 
should   be   directed  forwards  as  well  as  inwards. 

The  following  are  Prof.  Schwartze's*  directions  for  performing 
the  operation : — The  patient  is  placed  under  the  complete  influence 
of  an  anaesthetic,  and  after  shaving  the  part  and  applying  an 
antiseptic  solution,  an  incision  is  made  two-fifths  of  an  inch 
behind  the  insertion  of  the  auricle  and  parallel  to  it.  It  should 
begin  about  two-fifths  of  an  inch  above  the  linea  temporalis,  and 
be  carried  downwards  as  far  as  the  apex  of  the  mastoid  process. 
Any  carious  opening  that  exists  should  be  followed  up  and  enlarged; 
but  should  the  outer  layer  appear  to  be  sound,  after  checking 
haemorrhage  in  the  usual  way,  the  periosteum  is  to  be  removed 
from  the  bone  for  about  half  an  inch.  The  chisel  is  then  applied 
below  the  temporal  line,  at  an  angle  of  about  45°,  and  directed 
in^^-ards,  downwards,  and  forwards.  The  bone  should  be  opened 
at  about  the  level  of  the  upper  wall  of  the  meatus,  a  little  behind 
the  insertion  of  the  auricle.  If  the  opening  be  made  too  far 
backwards,  there  is  risk  of  injuring  the  lateral  sinus.  Its  depth 
should  never  be  more  than  four-fifths  of  an  inch,  in  order  to 
avoid  injuring  the  acpieduct  of  Fallopius  and  the  horizontal 
semi-circular  canal. 

When  the  bone  is  soft,  the  only  instrument  required  for 
opening  the  mastoid  process  is  a  stout  scalpel  or  cartilage  knife; 
but  for  other  cases  a  gouge  is  required.  The  advantages  con- 
nected with  the  gouge,  as  compared  with  the  drill  or  trephine,  are 
that  the  part  to  be  operated  upon  remains  fully  exposed  to  view, 
*  Archil'/.  Ohr.,  vol.  xiv.  p.  215. 
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and  injury  to  the  soft  parts  can  be  avoided.  ^loreover.  tlie  per- 
foration is  not  liable  to  be  blocked  np  by  splinters  of  bone. 

In  the  last  edition  of  his  work  on  "•  Diseases  of  the  Ear " 
Politzer  has  considerably  expanded  his  account  of  mastoid  in- 
flammation, and  has  given  a  separate  description  of  the  acute  and 
chronic  forms  of  the  diseases  to  which  this  part  of  the  bone  is 
liable.  He  states  that  when  the  inflammation  of  the  cells  occurs 
during  the  course  of  acute  suppuration  of  the  middle  ear,  the  most 
common  site  of  the  abscess  is  the  middle  and  lower  part  of  the 
vertical  portion  of  the  mastoid  process,  lying  next  to  the  cortical 
layer.  As  a  general  rule,  there  is  only  one  abscess-cavity,  and 
this  is  almost  invariably  isolated,  and  has  no  communication  with 
the  mastoid  antrum.  The  symptoms  are:  pain;  increase  of  tem- 
perature over  the  affected  process;  perfoi'ation  of  the  membrana 
tympani.  with  a  nipple-like  projection  in  the  posterior  superior 
quadrant  of  the  membrane:  depression  of  the  posterior  superior 
wall  of  the  meatus,  with  narrowing  of  the  canal :  profuse  dis- 
charge of  pus  from  the  ear. 

Antiphlogistic  treatment,  and  especially  the  application  of 
cold,  often  proves  successful ;  but  in  the  event  of  failure,  opera- 
tive interference  becomes  absolutely  necessary.  The  continuance 
of  pain  and  fever,  vomiting,  rigors,  and  symptoms  of  meningeal 
irritation  necessitate  the  immediate  opening  of  the  process.  The 
operative  procedures  for  mastoid  abscesses  in  these  acute  cases  are 
quite  different  from  those  required  for  opening  the  mastoid 
antrum  in  chronic  middle-ear  suppuration. 

Politzer's  directions  for  opening  the  mastoid  process  are  as 
follows  : — Before  the  operation,  the  external  meatus  is  washed  out 
with  an  antiseptic  solution,  then  di'ied.  and  subsecpiently  plugged 
with  cotton-wool.  The  hair  is  then  shaved  from  the  mastoid 
region,  and  the  skin  cleansed  with  soap,  sublimate  solution  (1  in 
1.000).  and  Inially  with  sul)limate  ether.  An  anaesthetic  is  next 
administered. 

An  assistant  bends  the  auricle  forwards,  and  the  operator 
makes  a  vertical  incision  one-fifth  of  an  inch  l)ehind  its  insertion, 
slightly  curved  forward,  and  about  two  inches  long,  through  the 
skin  in  the  region  of  the  point  of  the  mastoid  process,  and  con- 
tinued through  the  fascia  and  periosteum  down  to  the  bone.  The 
periosteum  is  pushed  away  from  the  line  of  incision  on  both  sides, 
until  an  area  of  alx)ut   tln-ee-quarters  of  an   inch  of  the  middle 


4-94     GOXSEQL'EXCES  AND  SEQUELAE  OF  SUPPURATIOX. 

portion  of  the  mastoid  surface  is  laid  bare.  Haemorrhage  is 
checked  by  gauze,  torsion  or  ligature,  as  may  be  required.  The 
next  step  is  to  chisel  out  with  a  large  gouge  a  piece  of  the  cortex, 
about  two-fifths  of  an  inch  wide  and  half  an  inch  vertically.  The 
abscess  is  frequently  reached  after  the  first  blow  of  the  chisel, 
but  it  may  be  requisite  to  enlarge  the  opening  in  various  direc- 
tions. When  the  abscess-cavity  has  been  exposed,  all  diseased 
tissue  must  be  freely  but  carefully  removed  with  the  sharp  spoon 
or  gouge.  The  application  of  iodoform  gauze  is  usually  sufficient 
to  check  the  haemorrhage.  Politzer  states  that  he  has  very  rareh' 
seen  any  communication  between  the  abscess  and  the  mastoid 
antrum,  and  that  the  establishment  of  such  an  opening  is  not  to 
be  desired. 

After  it  has  been  Avell  scraped,  the  abscess-cavity  is  irrigated 
^^'ith  weak  sublimate  solution,  and  lightly  packed  with  iodoform 
gauze.  This  dressing,  retained  by  a  bandage,  may  be  suffered  to 
remain  for  several  days,  if  the  discharge  of  pus  be  onh^  moderate. 
In  favourable  cases,  cicatrisation  is  completed  in  from  two  to  five 
weeks.  As  a  general  rule,  the  operation  has  a  very  favourable 
effect  upon  the  condition  of  the  tympanum  ;  the  discharge 
gradually  decreases  and  comes  to  a  standstill  within  a  fortnight, 
and  the  opening  in  the  membrane  becomes  closed. 

In  secondary  chronic  diseases  of  the  mastoid  process,  asso- 
ciated with  chronic  middle-ear  suppuration,  the  most  important 
processes  are  caries  and  necrosis  of  the  osseous  tissue  and  the 
formation  of  cholesteatomatous  masses.  Obstacles  to  the  dis- 
charge of  secretion  are  the  most  frecjuent  cause  of  implication 
of  the  mastoid  process.  The  symptoms  and  course  have  been 
already  described ;  it  seems  desirable  to  give  some  account  of 
Politzer's  views  with  regard  to  the  indications  for  opening  the 
process  and  the  methods  of  performing  the  operation. 

When  the  disease  of  the  bone  is  confined  to  the  mastoid 
process,  it  is  usually  sufficient  to  open  it,  to  remove  the  diseased 
portions,  and  to  lay  the  antrum  free.  But  if  the  disease  in  the 
mastoid  process  be  combined  with  caries  of  the  meatus,  tympanic 
^^'alls  and  ossicula,  and  with  septic  inflammation  and  choleste- 
atomatous formations  in  the  attic,  not  only  the  mastoid  antrum, 
but  the  posterior  and  upper  part  of  the  meatus  and  the  tympanic 
cavity  must  be  laid  bare. 

According  to  Politzer,  opening  the  mastoid  process  in  chronic 
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middle-ear    inflammation    is    indicated    under    the    followinp-   cir- 
cumstances  :  — 

1.  Painful  inflammator}^  infiltration  of  the  covering  of  the 
mastoid  process,  especially  if  an  accompanying  narrowing  of  the 
meatus,  or  obstruction  of  the  tympanum  by  granulations  renders 
it  probable  that  stagnation  of  pus  exists  in  the  mastoid  process. 
The  operation  becomes  urgent  when  there  is  high  fever  and  signs 
of  meningeal  irritation,  and  when  the  symptoms  in  the  mastoid 
process  have   repeatedl}"  occurred. 

2.  Spontaneous  pain  in  the  mastoid  process,  increased  by  pres- 
sure, and  accompanied  by  bulging  and  sinking  of  the  posterior 
superior  wall  of  the  meatus. 

3.  Persistent  or  occasionally  remittent  pain  in  the  mastoid 
process,  with  marked  tenderness,  even  if  there  be  no  swelling  of 
the  external  integument,  and  no  visible  hindrance  to  the  escape 
of  discharge  from  the  tympanic  cavity. 

4.  The  existence  of  cholesteatoma  in  the  tympanic  cavity,  if 
removal  of  the  mass  and  extraction  of  the  malleus  and  incus 
with  subsequent  washing-out  of  the  cavity  fail  to  check  the 
condition. 

5.  Fistulae  in  the  mastoid  region  and  gravitation  abscesses 
below  it, 

6.  Extensive  caries  and  necrosis  of  the  posterior  osseous  wall 
of  the  meatus. 

7.  In  all  cases  of  middle-ear  suppuration,  during  which 
symptoms  of  meningeal  irritation  or  of  incipient  sinus-phlebitis 
make  their  appearance. 

8.  Protracted  septic  suppuration  in  the  attic,  the  symptoms 
remaining  unchanged  after  removal  of  the  malleus  and  incus 
and  several  months'  energetic  treatment. 

9.  Pain  in  the  mastoid  process  developing  in  certain  rare  cases 
of  connective-tissue  hj^pertrophy,  in  osteo-sclerosis,  and  in  osseous 
scars  after  the  healing  of  a  mastoid  operation. 

The  operative  treatment  of  chronic  mastoid  disease  is  quite 
different  from  that  of  an  abscess  in  acute  mastoid  ostitis.  The 
antrum  must  always  be  opened,  and  under  certain  conditions  the 
tjmipanic  cavity  must  also  be  laid  bare.  With  regard  to  the 
position  of  the  lateral  sinus,  Politzer  states  that  abnormalities 
in  this  respect  (the  sinus  being  situated  more  externally  and 
anteriorly),  occur  more  frequently  in  diploetic  and  compact  pro- 
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cesst^s  than  in  tliose  wliicli  nia}'  be  classiiied  as  pneumatic.  For 
()l)enino'  the  process,  the  chisel  is  greatly  to  be  preferred  to  the 
drill-trephine. 

With  regard  to  the  operation  and  its  extent.  Politzer  states 
that  the  iiwdiis  operandi  will  often  be  determined  b}'  the  changes 
which  the  operation  brings  into  view  in  the  mastoid  process,  and 
on  tlie  posterior  wall  of  the  meatus.  It  is  usually  sufficient  to 
open  the  vertical  portion  of  the  process  and  the  mastoid  antrum  ; 
but  in  diploetic  and  compact  mastoid  processes,  the  operation  must 
be  principally  limited  to  opening  the  antrum. 

To  open  the  mastoid  process  and  expose  the  antrum,  a  vertical 
incision,  slightly  curved  forwards,  is  made  one-fifth  of  an  inch 
behind  the  line  of  insertion  of  the  auricle,  and  parallel  with  it. 
It  should  be  from  one  and  a-half  to  two  inches  in  length,  and 
should  extend  nearly  to  the  tip  of  the  mastoid  process.  After 
the  haemorrhage  is  checked,  the  periosteum  is  divided  and  puslied 
backwards  and  forwards,  so  as  to  expose  the  middle  and  upper 
portions  of  the  mastoid.  If.  at  any  particular  spot,  the  bone 
should  be  tbund  to  be  inflamed,  discoloured,  or  rouo-h.  the  o-oup-e 
or  chisel  should  be  used  so  as  to  make  an  opening  in  the 
cortex  sufficiently  large  to  expose  the  diseased  portion.  Evidences 
of  disease  in  the  bone  are  most  often  found  in  the  middle  portion 
of  the  surface,  behind  the  external  meatus.  The  cavity  exposed 
by  the  chisel  may  contain  pus,  or  crumbling  masses,  or  portions 
of  dead  bone.  It  should  be  thoroughly  cleared  with  the  spoon 
and  forceps,  special  care  being  necessary  in  scraping  the  inner 
and  upper  walls  of  the  cavity  on  account  of  the  proximity  of  the 
lateral  sinus  and  dura  mater.  After  thorough  removal  of  debris, 
the  wound-cavity  must  be  irrigated  with  carbolic  solution  (2  to  3 
l^er  cent.),  or  sublimate  solution  (1  in  2000 — 4000). 

It  sometimes  happens  that  no  communication  can  be  detected 
between  the  abscess-cavity  and  the  antrum,  and  it  then  becomes 
necessary  to  scrape  away  the  anterior  and  ui:)})er  portion  of  the 
cavity,  until  the  antrum  is  reached.  Care  should  be  taken  to 
establish  a  free  communication  between  the  cavity,  the  antrum 
and  the  tympanum,  thoroughly  to  scrape  away  all  diseased  por- 
tions and  to  wash  out  the  middle  ear.  Politzer  emphasises  the 
necessity  of  making  the  irrigation  from  the  wound,  and  not  from 
the  meatus,  as  in  tlie  latter  case,  the  wound  might  become  infected 
from  septic  secretion  washed  from  the  tympanic  cavity.     Iodoform 
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cl  o-auze  are  now  applied,  and  the  latter  secured  in  position  by 
means  of  a  bandage. 

In  cases  in  which,  after  the  incision  is  made,  the  exposed 
surface  of  the  mastoid  appears  to  be  normal,  the  bone  must  be 
opened  at  that  point  from  which  the  antrum  can  be  most 
readily  laid  bare.  This  spot  is  below  the  linea  temporalis,  at 
the  level  of  the  upper  Avail  of  the  meatus,  and  about  one-third 
of  an  inch  behind  the  spina  supra  meatum.  When  this  latter 
process  cannot  be  detected,  Politzer's  advice  is  to  use  the  place 
where  the  mastoid  plane  bends  into  the  posterior  wall  of  the 
meatus  as  the  anterior  border  of  the  opening  to  be  made,  and  the 
upper  edge  of  the  osseous  meatus  as  the  superior  limit.  The 
position  of  the  antrum  is  frequently  marked  by  a  depression 
behind  the  upper  portion  of  the  external  opening  of  the 
meatus. 

After  determining  upon  the  site  of  the  opening,  a  small  piece  of 
bone  (about  the  sixteenth  of  an  inch  across)  is  removed  with  the 
gouge,  and  the  opening  is  deepened  and  enlarged  with  the  aid  of 
smaller  instruments.  The  direction  of  the  passage,  forwards  and 
inwards,  must  always  be  kept  in  mind.  According  to  Politzer, 
the  external  opening  should  be  large,  even  three-fifths  of  an  inch 
in  size,  so  as  to  obtain  a  good  view  of  the  field  of  operation.  The 
same  measurement  may  be  given  for  the  depth  of  the  opening ; 
the  structures  to  be  avoided  are  the  lateral  sinus,  the  tegmen  of  the 
antrum  and  tympanum,  the  horizontal  semi-circular  canal,  and  the 
facial  nerve.  The  operation  is  most  easily  effected  in  those 
mastoid  processes  which  are  cellular  in  structure. 

Exposure  or  even  a  wound  of  the  lateral  sinus  is  not  so  serious 
an  accident  as  was  at  one  time  considered.  If,  as  sometimes 
happens,  a  very  prominent  sinus  is  separated  from  the  meatus 
only  by  a  thin  wall  of  bone,  its  exposure  can  hardly  be  avoided. 
It  can  be  recognised  by  its  bluish-grey  colour.  Exposure  of  the 
dura  mater,  in  the  middle  cranial  fossa,  is  not  necessarily  dan- 
gerous ;  but  injuries  to  the  membrane  are  more  serious,  owing  to 
the  possibility  of  meningitis. 

The  o-ood  effects  of  opening  the  mastoid  antrum  are  often 
witnessed  a  few  hours  after  an  operation.  The  pain  and  tempera- 
ture are  both  diminished ;  alarming  symptoms  subside,  while  the 
state  of  the  middle  ear  rapidly  improves.  On  the  other  hand,  if 
the  septic  suppuration  continue  after  a  few  weeks  of  careful  treat- 


198      C()^^SEQUE^'CES  AND  SKQUEL.E  OE  SUPrUKATIOX. 

ment..  tliere  is  prul^ably  caries  in  the  tympanum.  The  appearance 
in  tlie  discharge  of  small  lumps  of  inspissated  matter  points  to  the 
presence  of  cliolesteatomatous  formations  in  the  attic. 

In  the  suljsequent  treatment,  if  the  symptoms  remain  favour- 
able, the  dressings  may  be  changed  every  five  or  six  days.  Iodo- 
form gauze,  with  a  rubber  drainage  tube,  constitutes  the  best 
application.  AVhen  the  dressing  is  changed,  the  wound  should  be 
carefully  irrigated  with  sublimate  solution,  1  in  10,000.  In 
favourable  cases,  the  wound  fills  up  in  two  or  three  weeks.  As  a 
matter  of  course,  increase  of  pain  after  the  operation,  rigors, 
feverish  attacks,  and  profuse  suppuration  would  necessitate  fre- 
quent dressing  and  investigation  of  the  wound.  It  is  sometimes 
requisite  to  remove  carious  bone,  to  scrape  fistulous  passages,  and 
to  chisel  away  the  posterior  wall  of  the  meatus  and  to  open  the 
attic.  Burrowing  of  pus  doA\'n  the  neck  will  require  appropriate 
treatment. 

In  some  cases,  disease  of  the  mastoid  process  is  accompanied 
by  caries  of  the  osseous  meatus  and  of  the  walls  of  the  tympanum. 
It  then  becomes  necessary  to  remove  a  portion  of  the  posterior 
superior  wall  of  the  meatus  and  the  external  wall  of  the  attic. 
According  to  Politzer.  the  indications  for  chiselling  away  the 
posterior  superior  wall  of  the  meatus  are : — (1)  The  formation 
of  fistulas  in  the  posterior  wall  of  the  meatus,  with  caries  or 
necrosis  of  the  mastoid  process,  or  with  suppuration  in  the  antrum 
or  in  the  external  attic.  (2)  Abnormal  sinking  of  the  posterior 
superior  wall  of  the  meatus,  if  caries  of  the  osseous  \\sl\  can  be 
detected  after  incision.  (3)  Cholesteatoma  on  the  posterior , 
superior  wall  of  the  meatus,  with  granulations  sprouting  from 
the  abscess-cavity.  (4)  Hyperostosis  of  the  external  meatus, 
with  dangerous  symptoms  of  the  retention  of  pus.  (5)  Continu- 
ance of  severe  symptoms  after  opening  the  mastoid  antrum.  (6) 
The  formation  of  fistulas  on  the  mastoid  process  and  in  the  external 
meatus. 

According-  to  the  same  authority,  in  addition  to  the  antrum, 
the  upper  tympanic  cavity  should  be  opened  under  the  following- 
circumstances  : — (1)  Caries  of  the  walls  of  the  tympanum  and  of 
the  ossicula.  (2)  Excessive  formation  of  granulations  in  the 
tympanum,  and  of  cholesteatoma  in  the  attic.  (3)  The  con- 
tinuance of  suppuration  or  the  setting-in  of  dangerous  symptoms 
after  the  antrum  has  been  opened. 
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Various  methods  of  opening  tlie  mastoid  process  from  the 
external  meatus  have  been  proposed  during  the  last  few  years ; 
the  plan  suggested  b}'  Kiister  is  recommended  by  Politzer.  It 
consists  in  the  partial  or  complete  removal  of  the  posterior 
superior  wall  of  the  meatus,  and  also  of  the  external  wall  of  the  attic, 
when  necessitated  by  changes  in  the  tympanic  cavity.  The  first 
step  is  to  loosen  the  auricle  from  its  insertion,  and  for  this  purpose 
a  nearly  semi-circular  incision  is  made  one-fifth  of  an  inch  behind 
the  line  of  its  attachment,  and  extending  from  near  the  tip  of  the 
mastoid  process  to  the  anterior  point  of  the  insertion  of  the  helix. 
The  soft  tissues  are  divided  down  to  the  periosteum,  and  the  latter 
is  pushed  backwards  and  forwards,  so  as  to  expose  the  posterior 
superior  edge  of  the  meatus.  The  membranous  meatus  is  then 
separated  from  its  posterior  superior  insertion,  and  drawn  down- 
wards and  forwards,  with  the  loosened  auricle.  After  the  haemor- 
rhage has  been  checked,  the  exposed  surface  of  the  mastoid 
process  and  of  the  wall  of  the  osseous  meatus  should  be  carefully 
examined  for  fistulous  openings  and  carious  spots. 

The  next  steps  depend  upon  the  condition  of  the  exposed  bone. 
Discoloured  portions  are  removed  with  the  chisel ;  fistulae  are 
enlarged,  and  all  softened  tissue,  granulations  and  cholesteatomata, 
are  scraped  away  with  the  spoon.  If  the  surface  of  the  mastoid  or 
the  upper  part  of  the  posterior  wall  of  the  meatus  be  affected,  the 
posterior  and  external  portion  of  the  antrum  is  to  be  laid  bare  so 
as  to  obtain  access  to  the  tj^mpanic  cavity.  If  the  bone  does  not 
appear  changed  externally,  the  antrum  is  opened  in  the  manner 
above  described,  and  the  posterior  superior  wall  of  the  meatus 
is  removed  as  far  as  the  tympanic  cavity.  The  condition  of  the 
external  wall  of  the  attic  is  next  examined.  This  is  often  carious 
and  in  contact  with  granulations  or  cholesteatomatous  masses. 
Removal  of  more  or  less  of  the  posterior  superior  wall  of  the 
meatus  is  effected  by  chiselling  away  the  external  wall  of  the  attic 
^^'ith  a  small  gouge,  until  no  process  of  bone  remains  between  the 
upper  tympanic  cavity  and  the  upper  wall  of  the  meatus.  The 
malleus  and  incus  or  srnj  fragments  of  them  should  be  withdrawn 
with  the  small  forceps,  and  sharp  spoons  may  be  used  to  remove 
granulations  and  debris.  It  is  well,  if  possible,  to  avoid  dislocat- 
ing the  stapes,  in  view  of  possible  complications  in  the  labja'inth. 
It  is  generally  necessary,  however,  to  make  a  free  communication 
between  the  tympanum,    external  meatus,   and    mastoid    process. 


500      CONSEQUENCES  AND  SEQUEL.E  OF  SUrrUKATION. 

After  the  operation,  the  wound  is  irrigated  with  weak  sublimate 
sohition  and  packed  with  iodoform  gauze.  The  auricle  is  replaced 
and  a  large  drainage  tube  is  introduced  into  the  meatus.  If  the 
defect  in  the  bone  be  small,  a  suture  maj^  be  introduced  into  the 
soft  tissues  ;  but  in  any  case  it  is  better  to  leave  open  a  portion 
of  the  wound  corresponding  to  the  cavit}'  in  the  bone. 

Several  difficulties  may  be  encountered  in  opening  the  mastoid 
process.  The  bony  cellular  tissue  may  be  in  a  condition  of 
sclerosis ;  and  in  some  cases  there  is  considerable  depth  of 
diploetic  tissue.  Under  such  circumstances  great  care  is  neces- 
saiy  to  avoid  injury  to  the  labyrinth  or  the  aqueduct  of  Fallopius. 
The  sinus  may  also  be  injured,  unless  the  gouge  is  directed 
forwards,  close  to  the  posterior  wall  of  the  meatus.  Injnry  to 
this  sinus  is  not  necessarily  fatal ;  several  cases  are  on  record  in 
which  this  accident  happened  when  opening  the  mastoid  process 
for  purulent  inflammation,  and  yet  recovery  took  place.*  The 
operation  should  not  be  persisted  in,  if  indurated  osseous  tissue 
is  still  found  three-fifths  of  an  inch  from  the  surface.  The  antrum 
may  occupy  an  abnormal  position  ;  in  the  case  of  a  lady,  aged 
twenty-seven,  upon  whom  I  operated  about  eighteen  months  ago, 
it  was  situated  over  the  posterior  superior  margin  of  the  meatus. 
The  objects  of  the  operation  are  the  evacuation  of  a  purulent 
collection,  and  the  restoration  of  a  passage  between  the  mastoid 
antrum  and  the  tympanic  cavity.  The  first-named  object  may 
be  achieved  at  once  ;  the  second  may  be  either  impracticable,  or 
may  be  only  gradually  accomplished.  In  the  most  favourable 
cases  the  discharge  of  the  pus  and  restoration  of  the  communica- 
tion are  the  immediate  results  of  the  operation.  The  channel  is 
apt  to  be  interrupted  by  growth  of  connective  tissue,  and  by 
osseous  growths  and  sclerosis  of  the  mastoid  process.  Connective 
and  granulation  tissue  can  be  removed  with  a  small  chisel  or 
scoop,  but  in  cases  of  sclerosis  communication  is  not  likely  to 
be  restored.  A  satisfactory  result  may.  however,  be  obtained 
even  if  no  communication  be  established. f 

The  treatment  of  cases  in  which  the  purulent  collection  is 
situated  nearer  to  the  apex  of  the  mastoid  process  differs,  of 
course,  from  that  just  described,  inasmuch  as  the  opening  must 
be  made  over  the  lower  section  of  the  process.     If  the  operation 

*  Archivfiir  Ohrenheilhtnde,  Bd.  xxvi.  p.  171. 

t  Archives  of  Otolcf/i/.  vol.  xvii.  p.  311. 
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be  delayed,  the  pus  is  apt  to  find  its  way  downwards  from  the 
inner  side  of  the  process,  and  abscesses  may  form  in  the  side  of 
the  neck,  ^^ith  considerable  infiltration  around  them.  If  the 
muscnlar  insertions  on  the  mastoid  process  are  raised,  or  the 
swelling  is  still  more  extensive  in  this  region,*  Bezold  points 
out  that  the  most  natural  route  for  a  collection  of  pus  on  the 
inner  side  of  the  mastoid  process  is  an  opening  right  through 
the  bone,  and  reaching  the  digastric  fossa.  He  therefore  recom- 
mends that  the  chisel  should  be  applied  further  down  upon  the 
process,  and  made  to  perforate  its  entire  thickness. 

The  appearances  seen  on  opening  the  mastoid  process  vary 
in  different  cases.  Sometimes  the  abscess-cavity  comes  into  xie^v 
at  once,  and  is  found  to  contain,  mingled  with  the  pus,  fragments 
of  dead  bone,  or  one  large  sequestrum,  either  movable  or  attached 
to  the  walls  of  the  abscess.  In  some  cases  the  cells  are  found 
to  be  filled  up  with  granulation-tissue  and  polypoid  formations  ; 
in  others,  there  are  chees}'  or  steatomatous  masses,  mingled  with 
osseous  debris  and  inspissated  secretion.  In  yet  another  class  of 
cases,  the  process  is  found  to  be  hard,  like  ivory  (sclerosing 
mastoiditis). 

For  some  days  or  weeks  after  an}^  operation  upon  the  mastoid 
process,  the  patient  must  be  confined  to  bed  and  placed  on  low 
diet ;  the  ^^'ound  must,  of  course,  be  protected  from  all  injurious 
influences.  As  secretion  becomes  normal,  the  diet  should  be 
improved,  and  the  patient  can  be  allowed  to  leave  his  room  and 
go  into  the  open  air,  with  proper  precautions.  When  the  mastoid 
process  has  been  opened,  but  Avithout  meeting  with  an  abscess, 
the  wound  should  be  dressed  with  sublimate  or  iodoform  gauze, 
and  the  dressino-s  rene\\ed  everv  three  or  four  davs. 

After  the  mastoid  process  has  been  opened,  any  existing 
affections  of  the  external  meatus  and  tympanum  generally 
improve,  but  these  parts  should  be  carefully  examined  ^^'ith  the 
speculum  from  time  to  time,  and  an}^  sequestra  or  masses  of 
secretion  that  present  themselves  should  be  removed. 

Results  and  Prognosis  of  the  Operation. — These  have  become 
much  more  favourable  during  the  last  ten  or  fifteen  years ;  and 
when  due  consideration  is  paid  to  the  serious  character  of  the 
disease  which  the  operation  is  intended  to  remedy,  the  danger 
attendant  upon  opening  the  mastoid  process  may  be  regarded 
*  Archives  of  Otology,  vol.  xvii.  p.  177. 
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as  comparatively  small.  Among  Professor  Scliwartze's  earliest 
cases  (the  list  beginning  in  I860),  the  operation  proved  fatal  in 
20  per  cent.  In  578  cases,  accounts  of  which  were  published 
in  the  eight  years  commencing  April  1,  1881-,  only  forty-five 
died,  the  causes  of  death  in  the  majority  of  cases  being  menin- 
gitis, cerebral  abscess,  and  sinus-thrombosis.  Among  406  cases 
collected  from  the  reports  of  ten  surgeons,  forty-seven  proved 
fatal.  In  the  total  number  of  cases,  the  average  mortality  was 
10'69  per  cent. 

In  addition  to  the  results  of  the  operation  as  regards  the  life 
of  the  patient,  its  effects  upon  the  condition  of  the  organ  and 
the  hearing-power  require  to  be  considered.  These  latter  are 
more  marked  in  acute  than  in  chronic  cases,  in  which  suppura- 
tion, though  it  may  cease  for  a  time,  not  infrequently  recurs. 
Cases  must  be  kept  under  observation  for  long  periods  and  sub- 
jected to  careful  treatment  before  any  definite  conclusion  can  be 
arrived  at.  In  favourable  cases,  the  subsidence  of  suppuration 
is  accompanied  by  the  disappearance  of  the  subjective  sj'mptoms 
(headache,  giddiness,  and  neuralgia),  and  the  patient's  general 
health  more  or  less  rapidly  improves.  In  tuberculous  cases  the 
good  effects  of  the  operation  are  sometimes  very  marked.  Ces- 
sation of  epileptiform  attacks  and  restored  function  of  the  facial 
nerve  have  been  observed  in  several  cases  belonging  to  another 
category.  With  regard  to  effects  upon  the  function  of  the  organ, 
it  is,  of  course,  supposed  that  the  performance  of  the  operation 
involves  no  injur}"  to  the  sound-conducting  apparatus.  In  most 
cases  cessation  of  discharge  is  followed  by  closure  of  the  perfora- 
tion in  the  tympanic  membrane.  No  change  in  the  hearing- 
power  can  be  expected  when  the  labyrinth  is  seriously  affected. 
When  the  operation  is  undertaken  for  chronic  caries  or  necrosis, 
the  prognosis  depends  upon  the  extent  to  which  the  bone  is 
involved.  If  the  mastoid  process  alone  be  affected,  the  prognosis 
is  more  favourable  than  when  the  walls  of  the  tympanum  and 
portions  of  the  osseous  labyrinth  are  likewise  diseased.  But  when 
the  labyrinth  is  involved  in  caries  or  necrosis,  a  cure  is  by  no 
means  impossible.  A.  sequestrum  may  be  detached  and  escape 
by  the  meatus,  and  carious  excavations  may  gradually  be  filled 
up  by  granulations  which  undergo  conversion  into  ossifying 
connective  tissue. 

The    existence   of   cholesteatoma  renders   the  prognosis  more 
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serious,  and  necessitates  greater  care  on  the  part  of  the  suroeon. 
The  destruction  of  the  osseous  tissue  is  often  greater  than  could 
have  been  anticipated.  The  morbid  material  may  extend  into  the 
neighbouring  bones  and  even  into  the  cavity  of  the  skull,  and  the 
difficulties  of  removal  ma}"  be  almost  or  quite  insuperable.  After 
apparently  complete  removal,  new  growth  is  very  apt  to  occur  in 
the  cavities  of  the  middle  ear. 

Fistulous  openings  in  the  outer  surface  of  the  mastoid  process 
tend  to  facilitate  the  operation,  and  are  not  in  themselves  dan- 
gerous ;  but  they  are  often  associated  with  extensive  pathological 
changes  in  the  deeper  parts.  The  lateral  sinus  may  be  completely 
laid  bare  by  carious  processes  involving  the  groove,  and  may  be 
surrounded  b}'  purulent  fluid  ;  openings  may  be  formed  at  other 
spots  into  the  cranial  cavity,  and  there  may  be  an  epidural  or  a 
cerebral  abscess,  communicating  with  the  suppurating  cavity  in 
the  mastoid  process  and  with  the  (external  opening.  In  other 
cases  the  fistulous  aperture  leads  into  a  long  canal,  traversing 
indurated  bone,  and  not  capable  of  being  followed  to  its 
extremity. 

The  existence  of  gravitation  abscesses  in  the  side  or  towards 
the  back  of  the  neck  may  render  the  operation  somewhat  more 
difficult,  but  does  not  necessarily  affect  the  prognosis.  As  a  rule, 
such  cases  are  less  dangerous  than  those  ^^Tiich  present  no  external 
signs  of  suppuration.  Fatal  results  may,  however,  follow  when 
the  matter  finds  its  way  beneath  the  clavicle  and  passes  into  the 
thorax  and  pleural  cavity.  Compression  of  the  trachea  and  for- 
mation of  an  opening  into  the  lar^'nx  have  been  known  to  occur  ; 
but  such  results  are  very  uncommon.  Less  rarely,  the  pus  passes 
down  between  the  structures  of  the  pharynx,  into  which  it  may 
eventually  escape. 

The  information  to  be  obtained  from  an  examination  of  the 
eyes  has  been  already  mentioned.  It  is  scarcely  necessary  to  add 
that  the  urine  should  be  carefully  examined  for  sugar  and 
albumen  before  undertaking  the  operation.  The  discovery  of 
either  of  these  substances  renders  the  prognosis  unfavourable ;  in 
diabetic  cases,  the  healing  process  is  likely  to  be  incomplete,  and 
the  risk  of  septic  poisoning  is  considerable.  The  presence  of 
albuminuria  is  a  grave  symptom  as  regards  prognosis. 

Sharp  attacks  of  fever  are  not  uncommon  for  a  few  days  after 
the  operation,  and  ma}^  be  of  serious  import.     In  favourable  cases 
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the  temperature  falls  after  the  opening  has  been  made,  provided 
that  antiseptic  precautions  have  been  observed,  and  no  marked 
febrile  movement  is  again  appreciable.  Sometimes,  however,  the 
temperature  rises  on  the  fifth  da}',  and  indicates  the  setting-in  of 
cranial  complications.  According  to  Dr.  Schwartze,  it  is  not  until 
the  eighth  day  has  passed  without  any  rise,  that  the  risk  of  com- 
plications ma}'  be  disregarded.  If  a  previous  temperature  of 
102° — 104°  be  maintained  without  change  after  the  operation, 
there  is  no  hope  of  a  favourable  issue.  The  same  authority  states 
that  if  the  temperature  rises  for  the  first  time  after  the  operation 
and  within  twentA-four  hours  thereof,  there  is  no  need  for  alarm, 
as  the  symptoms  are  those  of  the  so-called  aseptic  wound-fever. 
If,  however,  the  rise  in  temperature  does  not  occur  till  the  second 
or  third  day,  it  is  probably  due  to  infection  proceeding  from  some 
purulent  accumulation  which  has  not  been  removed.  The  height 
to  which  the  temperature  rises  is  not  a  positive  indication  of  the 
severity  of  the  infection,  the  other  signs  of  which  are  pain  and 
swelling  of  the  lymphatic  glands  of  the  neck  and  throat.  The 
wound  may  at  first  appear  normal,  but  it  soon  becomes  dry,  bleeds 
on  the  slightest  touch,  and  has  a  dull  grey  look.  The  occurrence 
of  remissions  is  more  favourable  as  regards  prognosis  than  a  con- 
tinuously high  temperature.  When  the  thermometer  in  the  axilla 
indicates  105°  or  more,  the  prospect  of  recovery  is  but  slight, 
though  exceptional  cases  have  been  noticed. 

Even  in  cases  in  which  the  operation  is  classed  as  unsuccessful, 
because  no  pus  or  dead  bone  is  reached,  the  results  are  often  very 
satisfactor}',  showing  themselves  in  cessation  of  pain  and  discharge 
from  the  ear.  Politzer  attributes  the  o-ood  effects  to  diminution 
of  hyperasmia  in  the  temporal  bone  and  in  the  veins  of  the 
skulL 


505 


CHAPTEE   XXXIV. 

CRAXIAL  AND  OTHER  COMPLICATIONS  OF  MIDDLE-EAR 
SUPPURATIOX. 

Extension  of  Morbid  Processes  to  Intra-Cranial  Structures  —  Cerebral 
Meningitis — Two  Forms — Spots  at  which  Perforation  of  the  Bone 
is  likely  to  Occur — Course  Taken  by  the  Pus — Symptoms — Diagnosis 
—  Treatment  —  Cerebral  Abscess,  Development  and  Symptoms  — 
Influence  of  Micro-Organisms — Seats  of  Abscesses— Stages  of  the 
Morbid  Process,  and  Appearances  Presented  by  the  Abscess — Sinus- 
Thrombosis  as  a  Complication — Diagnosis — Terminations— Trephin- 
ing the  Skull — Abscess  in  the  Cerebellum— Phlebitis  and  Thrombosis 
of  the  Lateral  Sinus  and  Jugular  Vein  —  Symptoms  —  Course  — 
Diagnosis — Treatment — Ulceration  of  the  Carotid  Artery — Condi- 
tions under  which  it  Occurs — Symptoms — ^Diagnosis — Treatment — 
General  Tuberculosis  as  a  Result  of  Ear  Disease. 

In  the  present  chapter  a  description  will  be  given  of  those  com- 
plications of  middle-ear  suppuration  which  occur  in  other  parts, 
and  mosth'  within  the  cranium.  They  are  all  of  a  serious 
character,  and  are  often  the  immediate  causes  of  fatal  results  in 
connection  with  middle-ear  disease.  The  cerebral  meninges,  the 
cerebrum,  the  cerebellum,  the  arteries  and  the  venous  sinuses  in 
the  neighbourhood  of  the  temporal  bone,  may  all  become  impli- 
cated as  a  result  of  the  extension  of  carious  and  suppurative 
processes. 

(1)  Cerebral  Meningitis. — There  are  at  least  two  forms  of 
this  affection  which  have  been  noticed  in  connection  with  middle- 
ear  disease.  In  one,  the  irritation  proceeding  from  the  temporal 
bone  causes  circumscribed  inflammation  and  thickening  of  the 
dura  mater ;  the  process  is  slowh'  developed,  and  the  newh'- 
formed  tissue  prevents  the  inflammation  irom  spreading  towards 
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the  brain.  By  pressing,  however,  upon  the  latter  organ,  it  gives 
rise  to  symptoms  of  direct  or  reflex  irritation,  and  more  or  less 
active  congestion.  The  lesions  in  the  petrous  portion  do  not 
react  directly  on  the  cranial  contents,  as  is  the  case  when  the  dura 
mater  is  affected  in  a  different  manner.  On  the  other  hand,  parts 
of  the  bone  itself  are  apt  to  become  thickened  and  indurated, 
thus  forming  an  additional  barrier  to  the  spread  of  the  disease. 
Portions  of  the  dura  mater  sometimes  become  calcified. 

Such  a  process  as  that  just  described  is  the  exception  to  the 
general  rule.  It  was  noticed  only  in  seven  out  of  two  hundred 
cases  cited  by  Kobin.*  In  the  large  majority,  the  dura  mater 
covering  the  diseased  portions  of  the  bone,  after  resisting  for  a 
time,  becomes  discoloured,  softened,  and  perforated  (sometimes 
like  a  sieve),  and  the  purulent  matter  finds  its  way  into  the  cavity 
of  the  arachnoid  and  along  the  pia  mater  to  the  brain,  anterior 
part  of  the  cerebellum,  or  medulla  oblongata.  In  severe  cases  of 
this  character,  the  dura  mater  becomes  gangrenous,  and  large 
openings  exist,  through  which  the  brain,  bathed  in  pus.  projects 
into  the  gaps  caused  by  the  caries  and  necrosis  in  the  base  of  the 
skull.  Adherence  of  the  membranes  sometimes  prevents  exten- 
sion of  the  process  ;  in  the  absence  of  any  such  hindrance  the 
surface  of  the  brain  over  a  large  extent  becomes  coated  with 
pus. 

In  these  cases  of  purulent  meningitis  due  to  middle-ear  suppu- 
ration, there  are  certain  spots  in  the  base  of  the  skull,  at  which 
perforation,  with  escape  of  pus,  is  likely  to  occur.  The  first  of 
these  is  the  osseous  roof  of  the  tympanum  and  of  the  mastoid 
antrum.  The  former  is  often  very  thin,  and  the  perforation  may 
involve  a  large  portion  of  it ;  sometimes  there  are  several  smaller 
openings,  and  sometimes  the  bone  is  riddled  like  a  sieve.  In 
some  instances,  such  openings  are  in  great  measure  plugged  up 
by  cholesteatomatous  masses  and  inspissated  pus.  The  gaps  or 
dehiscences,  which  not  infrequently  exist  in  the  bone  forming  the 
roof  of  the  tympanum,  obviously  favour  the  escape  of  purulent 
matter  ;  and  sometimes  an  opening  in  the  bone  directly  com- 
municates with  an  abscess  in  the  brain. 

Purulent  matter  sometimes  passes  from  the  tympanum,  or  the 
mastoid  antrum,  through  the  pneumatic  and  diploetic  cells  of  the 

*  IJes  Affections  Cerehrales  conseciitirss  aux  Lesions  nontraumatiques  du 
Hocher  et  de  VAppareil  Audit  if,  p.  31. 
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petrous  portion  to  the  posterior  surface  of  the  bone,  the  extension 
of  the  disease  sometimes  nivolving  the  osseous  labyrinth  and 
■sometimes  leaving  it   intact. 

In  a  third  class,  the  course  taken  by  the  pus  is  somewhat  more 
•circuitous.  It  passes  into  and  destroys  a  semi-circular  canal,  the 
vestibule  and  cochlea,  and  finds  its  way  through  the  lamina 
cribrosa  in  the  internal  meatus,  and  thence  to  the  base  of  the 
brain.  In  other  cases,  it  destroys  the  aquaeductus  Fallopii,  and 
passes  with  the  facial  nerve  to  the  same  destination.  In  a  case 
recorded  by  Sir  AV.  Gull,  the  suppuration  advanced  from  the 
labyrinth  through  the  aqua^ductus  vestibuli  to  the  base  of  the 
cranium. 

The  appearances  presented  by  the  dura  mater  vary  in  different 
cases ;  the  formation  of  adhesions  between  the  membrane  and  the 
bone  has  been  already  mentioned.  In  a  case  observed  by 
Urbantschitsch,  there  was  chronic  purulent  tympanitis,  with  ex- 
tension through  the  roof  of  the  cavity  to  the  basal  meninges, 
and  through  the  labyrinth  and  internal  auditory  canal  to  the 
surface  of  the  cerebellum.  In  another  case,  recorded  by  the 
same  writer,  there  was  suppuration  of  the  labyrinth,  with  exten- 
sion to  the  convexity. 

The  Symptoms  of  cerebral  meningitis,  due  to  middle-ear  disease, 
vary  in  different  cases  ;  they  may  be  divided  into  two  stages,  but 
these    are    not   always   clearly  distinct.     The   first   symptoms  are 
indicative  of  cerebral  irritation,  but  sooner  or  later  give  place  to 
those  of  depression.     The   supervention   of  the   cranial   lesion   is 
indicated  by  rigors,   fever,   and  severe  headache;  the  last  being 
most  acute  in  the  neighbourhood  of  the  ear,  and  at  first  remittent, 
but  soon  becoming  continuous  and  extending  over  the  head.     The 
local  pain  is  soon  accompanied  by  general  hyperaesthesia,  sleep- 
lessness,   giddiness,    excitement,    nausea,   and  vomiting.     If    the 
patient  attempts  to  stand  or  ^^'alk,  he  finds  it  impossible  to  keep 
in    an    erect   position.     Ere    long,    unconsciousness    sets    in    and 
gradually  becomes   more   and    more    profound.     Spasmodic    con- 
tractions of  the  muscles   of  the   face   and   of  the   limbs   on   the 
affected   side   are    soon    superadded ;    sometimes    the    convulsions 
are  2-eneral.  and  there  is  rip'iditv  of  the  neck  and  trismus.     The 
pupils   are   contracted;  the   pulse    very    frequent,   but    becoming 
slower  as   pressure   on   the  brain  increases.     The  temperature  is 
persistently   liigh   and   steady,    especially   when   the  convexity  is 


508        COMPLICATIONS  OF  MIDDLE-EAR  SUPPL'EATIOX. 

affected :  the  abdomen  is  retracted  and  hard.  Symptoms  of 
paralysis  are  generally  present;  sometimes  the  facial,  the  h\-po- 
glossal  and  the  glosso-phar\nigeal  are  thus  involved ;  in  other 
cases  there  is  hemiplegia,  and  sometimes  single  limbs  are  affected. 
Towards  the  close  the  pupils  become  unequal,  the  bladder  and 
rectum  are  paralysed,  the  pulse  is  small  and  frequent,  the  respira- 
tion is  accelerated,  con^iilsions  occur  from  time  to  time,  and  death 
is  ushered  in  by  coma.  The  duration  of  the  symptoms  varies 
considerably  in  different  cases :  sometimes  months  elapse  before 
the  fatal  issue,  the  spnptoms  subsiding  or  altogether  disappearing 
for  weeks  at  a  time.  In  some  instances,  the  svmptoms  are  very 
insidious,  and  consist  only  of  occasional  headache  and  spasm  of 
a  few  of  the  facial  muscles,  appearing  and  disappearing  at  un- 
certain intervals.  In  other  cases  the  symptoms,  having  once 
shown  themselves,  speedily  become  severe :  headache,  vomiting, 
and  con\"ulsions  are  followed  in  a  few  days  by  loss  of  consciousness 
and  death.  This  latter  is  the  usual  result :  though  recovery  is  not 
impossible  if  the  process  affect  only  the  external  surface  of  the 
dura  mater,  with  consequent  thickening,  which  may  prevent  the 
extension  of  the  mischief.  Free  escape  of  secretion  externally  is 
a  favourable  symptom. 

Diagnosis. — It  is  extremely  difficult  to  distinguish  meningitis 
from  cerebritis.  as  the  two  affections  frequently  co-exist,  the  pro- 
cess extending  from  the  one  part  to  the  other.  Moreover,  in 
middle-ear  inflammation,  symptoms  of  meningeal  mischief,  of  a 
transient  character,  not  infrequently  set  in  as  a  result  of  the 
retention  of  purulent  secretion,  and  pass  off  when  the  discharge 
becomes  re-established.  Meningitis  may.  however,  be  inferred  to 
exist  when  headache  and  vomiting  are  succeeded  by  paralysis  of 
one  or  more  limbs,  and  convulsions,  delirium,  and  loss  of  con- 
sciousness. Other  evidences  of  meningitis  are  detected  by  the 
ophthalmoscope,  and  consist  of  optic  neuritis,  and  symptoms  of 
hypera?mia  of  the  retinal  vessels. 

Treatment. — AVhen  svmptoms  of  meningitis  manifest  them- 
selves in  a  case  of  ear-disease,  the  part  should  be  thoroughly 
examined,  and  steps  taken  to  remove  any  obstruction  which  may 
exist  to  the  escape  of  purulent  matter.  It  may  be  that  a  per- 
foration in  the  tympanic  membrane  has  become  occluded,  or  a 
poh'pus  blocks  up  the  meatus.  In  the  former  case  an  incision  is 
required :  in  the  latter  the  tumour  must  be  removed,  and  in  both 
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cases  the  tympanum  must  be  carefully  cleansed  and  disinfected 
after  the  operations.  If  there  be  evidences  of  suppuration,  or  of 
old  deposits  in  the  mastoid  cells,  or  of  caries  or  necrosis,  the 
mastoid  process  must  be  opened,  and  the  part  thoroughly 
disinfected. 

To  combat  the  meningitis  purgatives  must  be  given  and  ice- 
bags  applied  locally,  the  patient  being  kept  at  absolute  rest.  In 
most  cases  a  few  leeches  or  a  blister  applied  near  the  ear  will 
afford  relief  to  the  pain.  If  there  be  evidences  of  a  sub-dural 
abscess,  opening  the  skull,  to  be  described  under  Cerebral  Abscess, 
will  constitute  the  proper  treatment. 

(2)  Cerebral  Abscess. — Chronic  middle-ear  suppuration  is 
one  of  the  most  frequent  causes  of  cerebral  abscess,  which  is  apt 
to  become  developed  in  a  very  insidious  manner.  The  course  of 
events  is  generally  as  follows  : — The  patient  has  had  a  discharge 
from  the  ear  for  a  considerable  time,  i.e.,  for  months  or  even  for 
years.  The  discharge  is  more  or  less  offensive ;  the  patient's 
hearing  is  impaired  on  that  side,  and  there  are  occasional  attacks 
of  pain.  In  a  large  proportion  of  the  cases  the  ear-affection  dates 
from  childhood,  and  has  commenced  after  scarlatina,  measles,  or 
some  other  febrile  complaint.  The  setting-in  of  acute  symptoms 
may  follow  exj^osure  to  cold,  injury  to  the  head,  or  the  develop- 
ment of  some  inflammatory  condition  in  the  throat,  the  applica- 
tion of  caustics  to  the  latter  part,  or  operations  on  the  ear ;  but,  in 
some  cases,  no  such  immediate  cause  is  discoverable. 

The  first  symptom  to  attract  notice  is  usually  severe  pain  in 
the  ear  and  adjoining  parts ;  this  generally  occurs  in  paroxysms, 
and  is  apt  to  be  very  intense,  but  not  of  so  sharp  a  character  as 
in  meningitis.  Rigors,  nausea,  and  vomiting  are  more  or  less 
frequent  accompaniments  of  the  pain,  and  the  latter  is  inci'eased 
by  the  slightest  pressure.  In  some  cases  there  is  pain  or  aching 
in  the  back  and  limbs  ;  in  others  diarrhoea.  Giddiness  is  expe- 
rienced if  the  patient  attempts  to  walk,  and  delirium  is  sometimes 
an  earh'  symptom.  AVhen  the  abscess  is  seated  in  the  cerebellum, 
the  pain  extends  from  the  side  to  the  back  of  tlu^  head.  Aphasia 
is  sometimes  present,  indicating  the  left  frontal  convolution  as  the 
seat  of  disease.  The  pupils  are  generally  contracted,  and  there  is 
intolerance  of  light ;  the  skin  often  becomes  hot,  the  pulse  quick, 
and  the  tongue,  dry  and  j)arched ;  the  joatient  becomes  heavy  and 
drowsy,  and  the  symptoms  generall}^  may  closel}'  resemble  those 
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of  continued  fever.  In  other  cases  attacks  resembling  coma 
supervene  and  pass  off ;  on  the  otlier  hand,  tliere  may  be  no  loss  of 
consciousness,  but  only  some  impairment  of  sensation.  In  some 
patients  it  is  noticed  that  all  cerebral  functions  are  very  slowly 
performed.  Convulsive  attacks  frequently  occur,  and  are  accom- 
panied by  paralysis  of  various  parts.  When  the  face  is  thus 
affected,  the  loss  of  power  is  usuall}'  on  the  same  side  as  the  aural 
disease.  When  the  acute  symptoms  have  set  in,  and  while  they 
last,  the  discharge  from  the  ear  often  lessens,  and  sometimes 
ceases  altogether.  The  odour  of  the  discharge  is  not  of  prognostic 
value ;  the  symptoms  of  cerebral  mischief  may  set  in  in  cases 
characterised  by  non-foetid  discharges.  The  hearing-power  may 
remain  unaltered,  but  if  the  abscess  involve  the  auditory  nerve, 
complete  deafness  will  result.  As  the  disease  progresses,  the 
pulse  becomes  very  slow  :  it  may  be  only  fifteen  per  minute. 

In  some  cases  of  cerebral  abscess  there  are  no  prominent 
symptoms  till  a  few  days  before  death,  when  paralysis  or  con- 
vulsions supervene ;  in  others,  the  disease  remains  latent  until 
the  pus  finds  its  way  into  the  lateral  ventricle,  when  symptoms 
immediate^  set  in.  Evidences  of  optic  neuritis  are  sometimes 
noticed  in  cases  of  cerebral  abscess. 

The  temperature  of  patients  suffering  from  cerebral  abscess, 
due  to  aural  disease,  presents  several  points  of  interest.  Accord- 
ing to  Wreden,*  there  are  three  forms  or  stages  characterised  by 
marked  differences  of  temperature.  In  the  first,  or  pyrogenetic 
stage,  the  temperature  cpiickly  rises  to  102° — 101".  and  rigors 
are  uncommon.  In  simple  inflammation  of  the  brain,  and  in 
diffuse  meningitis,  it  is  not  till  the  second  or  third  evening  that 
the  temperature  reaches  104°.  and  the  rise  is  preceded  by  severe 
rigors.  When  a  cerebral  abscess  results  from  purulent  middle-ear 
inflammation,  the  process  is  completed  by  the  evening  of  the  first 
day  ;  and  during  the  next  four  days  the  temperature  varies  but 
little,  remaining  at  102° — 104°  both  morning  and  evening.  It 
thus  differs  from  that  recorded  in  pyaemia,  in  which  the  fever 
reaches  its  height  about  the  end  of  the  first  or  beginning  of  the 
second  week,  and  undergoes  considerable  daily  variations.  In 
meningitis  the  temperature  is  persistenth^  high,  and  its  course  is 
more  regular.  On  the  fifth  day,  in  cases  of  abscess,  fluctuations 
l)egin.  and  the  morning  temperature  is  reduced,  the  daily  readings 
*  Archil' fiir  Avg.  u.  Olir.,  vol.  iv.  p.  2,  S.  SIL 
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during  the  next  seven  days  being  between  100"-i^  and  101-5^. 
At  the  same  time  the  subjective  symptoms  are  lessened  in 
intensity,  and  gradually  subside  as  the  temperature  falls.  This- 
process  may  continue  until  a  period  of  comparative  health  sets 
in,  when  the  symptoms  are  in  abeyance,  and  no  abnormal 
temperature  can  be  detected.  In  some  cases  the  temperature 
becomes  sub-normal  ;*  but  in  any  stages  the  range  may  be 
modified  by  the  existence  of  various  complications. 

The  part  played  by  bacteria  in  chronic  middle-ear  suppuration 
has  been  already  alluded  to  (see  page  392),  and  the  question 
arises  as  to  whether  diiferent  symptoms  are  due  to  different 
organisms,  and  ^^•hether  different  parts  are  liable  to  be  affected 
by  special  microphytes.  Inspissated  pus  in  the  middle  ear  and 
cholesteatomatous  deposits  are  especially  dangerous,  because  they 
are  often  infected  with  peculiar  microphytes.  In  not  a  few  of 
these  cases  of  chronic  ear-affections,  grave  s^miptoms  are  set  up 
by  some  other  inflammatory  affection,  their  sudden  onset  resulting 
from  the  ingraft  of  a  fresh  inoculation.  Death  sometimes  results 
after  the  disturbance  of  old  deposits  in  the  ear,  and  hence 
caution  should  be  observed  in  operating  in  carious  affections. 
Small  veins  may  easily  be  opened  up,  and  septic  matter  thus, 
readily  introduced  into  the  blood.  The  ear,  of  course,  ma}'  be 
invaded  from  without,  the  secretion  forming  a  favourable  nidus 
for  the  reception  of  pathogenic  microphytes. 

Seats  of  Abscesses. — The  abscess  may  form  in  any  part  of  the 
brain  ;  the  white  substance  is  more  commonly  affected  than  the 
grey,  and  the  middle  lobes  are  the  most  frequent  seat  of  the 
disease.  In  Lebert's  cases,  eighty  in  number,  one-fourth  of  ^^'hich 
were  due  to  middle-ear  suppuration  and  caries  of  the  temporal 
l)one,  there  were  fifty-three  men,  twenty-four  women,  and  three 
children.  In  one-seventh  of  the  cases  the  disease  occurred  before 
puberty;  the  majority  of  the  remaining  patients  were  between 
sixteen  and  thirty.  This  difference  is  probabl}'  due  to  the 
greater  development  of  the  mastoid  cells  after  puberty.  Men 
are  more  frequently  affected  than  \\omen  ;  and  some  authorities 
state  that  the  right  side  of  the  brain  is  more  often  attacked  than 
the  left.  There  is,  however,  no  great  difference  in  this  respect : 
both  ears  are  equally  liable  to  be  affected  with  otitis  media. 

*  See  Mr.  A.  E,  Barker's  statements  on  this  point  in  his  Hunterian  lectures  on 
"  Intra-Cranial  Inflammations  starting  in  the  Temporal  Bone,"  p.  43. 
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Tlie  furination  of  the  abscess  may  take  place  in  a  part  of  the 
l)rain  whicli  is  close  to  the  roof  of  the  tympanum,  or  at  a  spot 
some  distance  therefrom ;  and  sometimes  the  abscess  is  situated 
in  tlie  cerebellum  and  in  the  corpus  striatum.  Multiple  formations 
^re  not  uncommon  ;  they  were  found  in  twenty-two  of  Lebert's 
cases.  Less  frecpiently  the  abscess  is  formed  on  the  side  opposite 
to  the  diseased  ear ;  but  it  is  not  unusual  for  the  abscess-cavity  to 
be  separated  from  the  diseased  bone  by  a  layer  of  healthy  brain- 
substance.  In  such  cases,  the  inflammatory  process  must  have  ex- 
tended along  the  connective  tissue  and  vessels,  without  implicating 
the  more  superficial  parts  of  the  brain.  Hence,  in  a  fatal  case  of 
middle-ear  suppuration,  whenever  an  abscess  is  found  at  some 
■distance  from  the  temporal  bone,  it  must  not  be  assumed  to  be  of 
independent  origin  :  a  closer  examination  may  reveal  signs  of 
a  connection  between  the  abscess  and  the  bone.  It  must  be 
remembered  that  even  when  the  former  is  obviously  dependent 
upon  the  disease  in  the  ear,  there  may  be  no  caries  of  the  bone, 
and  the  membranes  may  appear  to  be  healthy.  When  the  abscess 
is  situated  at  some  distance  from  the  diseased  bone,  and  is  separated 
therefrom  by  healthy  brain-tissue,  it  ma}'  be  assumed  that  micro- 
organisms have  passed  into  the  circulation,  or  into  the  connective 
tissue  accompanying  the  vessels.  In  one  case  of  middle-ear 
inflammation,  swarms  of  bacteria  were  found  in  the  temporal 
bone,  both  surrounding  the  vessels  and  in  the  diploetic  spaces  and 
in  the  sheath  of  the  facial  nerve.  The  labyrinth  was  disorganised, 
whereas  its  walls  were  intact,  the  mischief  having  extended  by 
way  of  the  sheaths  of  the  vessels.  The  cerebellum  was  the  seat 
of  an  abscess  containing  hosts  of  bacteria  and  micrococci. 

The  Stages  of  the  Morbid  Processes  can  sometimes  be  traced  on 
post-mortem  examination.  The  tympanic  cavit}'  is  filled  with  pus 
and  debris ;  its  mucous  membrane  is  destroyed,  and  its  walls  are 
carious  or  necrotic.  The  dura  mater  above  the  roof  of  the 
tympanum  may  be  separated  from  the  bone  by  pus.  or  softened 
and  slouii-hini>\  and  the  middle  lobe  of  the  cerebrum  is  found  to 
contain  an  abscess  which  comes  close  to  the  under  surface.  In 
other  cases,  the  inner  Avail  of  the  mastoid  cells,  or  the  posterior 
surface  of  the  petrous  portion,  is  carious,  and  the  abscess  is  found 
in  that  half  of  the  cerebellum.  Among  eighteen  cases  of  cerebral 
abscess  at  Cruy's  Hospital,  recorded  by  Drs.  Hilton  Fagge  and 
Pye-Smith,  "  there  were  twelve  in  which  the  temporal  lobe  was 
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the  seat  of  the  abscess,  three  in  \\-hich  it  lay  in  the  cerebellum, 
two  in  the  centrum  ovale,  and  one  in  the  pons." 

The  Appearance  of  the  Abscess  varies  according  to  its  dura- 
tion. If  recently  formed,  the  cavity  is  generally  ill-defined  and 
surroiinded  by  softened  cerebral  substance,  without  any  appear- 
ance of  a  lining  membrane.  On  the  other  hand,  abscesses  which 
have  been  formed  some  time  are  generally  circumscribed  by  a 
thick  vascular  capsule,  formed  of  fibro-cellular  elements.  The  pus 
is  commonlv  o'reenish,  viscid,  and  acid  in  reaction,  and  some- 
times  horribly  foetid ;  in  old-standing  cases  it  is  mucoid,  green, 
and  alkaline,  and  on  microscopical  examination  the  pus-corpuscles 
are  found  to  be  very  few  in  number,  having  been  converted  into 
fatty  and  granular  debris.  The  abscess  becomes  encysted  about 
six  weeks  after  its  formation  ;  when  solitary,  it  may  become  as 
large  as  a  hen's  egg,  or  even  larger.  The  pus  tends  to  make  its 
way  towards  the  surface  or  towards  a  lateral  ventricle.  When  the 
abscess  communicates  directly  with  diseased  bone,  and  local  adhe- 
sions have  been  formed,  its  contents  may  pass  into  the  tympanum. 
and  escape  into  the  meatus  :  such  cases  have  been  described  as 
"  cerebral  otorrhoea." 

Other  parts  besides  the  brain  are  apt  to  be  involved  in  cases  of 
caries  of  the  temporal  bone.  Thus  when  the  mastoid  cells  are 
diseased,  the  lateral  sinus  is  oft^n  the  seat  of  thrombosis,  and  its 
external  surface  is  coated  with  pus  and  lymph.  The  process  may 
extend  along  the  internal  jugular  vein,  and  cause  suppurative 
pleuritis  and  pulmonary  abscess. 

In  cases  of  cerebral  abscess,  the  fatal  issue  most  commonly 
takes  place  before  the  end  of  the  first  month;  but  life  is  some- 
times prolonged  for  six  and  even  eight  months.  During  this 
period  such  symptoms  as  headache,  vomiting,  and  a  dull  mental 
condition  are  more  or  less  prominent.  Death  is  usually  ushered 
in  b}'  delirium  followed  by  stupor  and  coma,  or  severe  epilepti- 
form convulsions. 

The  Diagnosis  of  cerebral  abscess  is  by  no  means  easy,  but  a 
careful  consideration  of  the  histor}'  of  any  given  case  Avill  aid  iri 
the  interpretation  of  the  symptoms.  AVhen  rigors,  headache, 
vomiting,  etc.,  supervene  in  a  patient  who  has  for  some  time 
suffered  from  otorrhoea,  the  decision  will  rest  between  ahscess  and 
meni/u/itis,  and  possibly  a  cerehral  tumour.  In  abscess,  the  head- 
ache is  more  continuously  felt ;  it  comes  on  suddenly  and  remains 
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very  severe  :  in  tumour  there  are  more  frequent  intermissions, 
and  the  pain  follows  the  course  of  certain  nerves.  Moreover,  the 
patient  at  times  appears  to  be  free  from  symptoms :  whereas  in 
abscess,  after  their  first  appearance,  evidences  of  cerebral  disorder 
are  never  wanting.  It  must  be  remembered  that  middle-ear  sup- 
puration may  be  complicated  by  a  cerebral  tumour;  in  such  a  case 
the  symptoms  are  very  likely  to  be  misinterpreted. 

The  diagnosis  between  cerehral  abscess  and  meningitis  may  be 
c|uite  impossible ;  the  two  conditions  not  infrequently  co-exist, 
and  such  symptoms  as  headache,  fever,  delirium,  convulsions,  and 
stupor  are  common  to  both.  ^leningitis  is  indicated  by  very 
marked  initial  symptoms  of  fever  and  cerebral  excitement,  and  by 
cutaneous  hyperesthesia  affecting  both  sides  of  the  body :  cerebral 
abscess  may  be  expected  when  the  initial  spuptoms  affect  one 
side  only,  when  the  convulsions  and  paralysis  are  likewise 
unilateral,  and  when  the  patient  appears  to  be  stupid  and 
lethargic,  and.  if  able  to  answer  questions,  replies  very  slowly 
and   deliberately. 

Intracranial  abscess  nearly  always  ends  in  death  unless 
the  pus  escape  through  the  mastoid  portion  or  the  external 
meatus,  or  is  removed  by  an  operation.  When  the  symptoms  of 
abscess  become  developed,  trephining  the  skull  affords  the  only 
prospect  of  relief.  The  operation  is  of  course  a  formidable  one  on 
account  of  the  risks  which  it  involves,  such  as.  irreparable  injuiy 
to  the  brain,  septic  inflammation  of  the  meninges,  and  hjemorrhage 
from  injuiy  of  a  vessel.  The  diagnosis  must  be  established  as 
clearly  as  possible,  and  it  must  be  remembered  that  the  symptoms 
may  indicate,  with  more  or  less  probability,  not  only  abscess,  but 
meningitis  (limited  or  diffuse)  and  thrombosis. 

The  symptoms  of  abscess  have  been  already  discussed.  The 
purulent  collection  may  be  situated  either  in  the  temporo- 
sphenoidal  lobe  or  in  the  cerebellum :  such  symptoms  as 
hemiplegia  and  hemispasm  indicate  its  position  to  be  above  the 
tentorium  cerebelli.  In  order  to  explore  the  temporo-sphenoidal 
lobe  of  the  brain,  the  trephine  is  applied  one  and  a  quarter  inches 
behind  the  centre  of  the  bony  meatus,  and  the  same  distance  above 
the  base  line  of  the  skull,  which  runs  from  the  lower  border  of  the 
orbit  l^ack wards  through  the  centre  of  the  meatus  (Barker).  Tliis 
will  c>pen  the  posterior  inferior  angle  of  the  parietal  bone,  close  to 
the  squamosal  suture.      Having  exposed  the  dura  mater,  the  mem- 
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brane  should  be  carefulh'  examined,  and  then  incised  across  the 
opening  in  the  bone.  If  there  be  a  subdural  abscess,  the  pus  is 
generally  found  along  the  squamoso-petrosal  suture,  and  will  thus 
be  reached.  If  no  pus  be  found  under  the  dura  mater,  an  explora- 
tor}^  needle,  the  size  of  a  No.  4  catheter,  is  then  passed  inwards, 
forwards,  and  downwards,  when  pns  will  escape  if  the  abscess  be 
in  the  supposed  position.  After  the  pus  has  ceased  to  flow,  a 
rubber  drainage  tube  should  be  inserted,  and  the  wound  washed 
with  carbolic  lotion  (1  :  20).  and  subsequently  dusted  over  with 
finely  powdered  iodoform  ;  it  is  then  to  be  covered  with  sublimate 
or  iodoform  gauze. 

Before  opening  the  parietal  bone,  as  above  described,  Mr. 
Barker*  recommends  that  the  foramen  for  the  mastoid  vein  should 
be  exposed  and  carefully  examined.  If  pus  escape,  mischief  ma}^ 
be  inferred  to  exist  in  the  cerebellum,  and  another  spot  must  be 
selected  for  opening  the  cranium,  viz.,  in  the  occipital  bone,  two 
centimetres  (four-fifths  of  an  inch)  behind  and  inwards  from  the 
mastoid  process.  A  horse-shoe  incision  is  made  through  the  skin, 
with  its  ends  above  the  level  of  the  external  occipital  tuberosity, 
and  its  curve  slightly  below  the  level  of  a  line  joining  the  apices 
of  the  mastoid  processes.  After  reflecting  the  skin,  the  muscles 
are  to  be  divided  by  an  incision  parallel  to  the  superior  curved  line 
of  the  bone.  The  inferior  curved  line  is  a  good  guide  for  the 
opening  ;  the  trephine  should  just  encroach  upon  it.  After  the 
circle  of  bone  has  been  removed,  the  dura  mater  is  opened  as  before, 
and  the  cerebellum  examined.  Should  no  pus  escape,  an  explora- 
tory needle  is  passed  inwards  in  various  directions  for  half-an- 
inch,  or  rather  more,  in  the  hope  of  finding  the  abscess.  Should 
the  search  prove  successful,  the  wound  is  to  be  treated  as 
described  in  the  previous  paragraph. 

(3)  Phlebitis  and  Thrombosis  of  the  Lateral  Sinus 

and  Jugular  Vein. — The  floor  of  the  tympanum  forms  the 
roof  of  the  jugular  fossa,  and  through  this  layer  of  bone,  often 
very  thin,  inflammation  may  extend  from  the  cavity  to  the 
commencement  of  the  internal  jugular  vein,  the  process  being- 
facilitated  by  the  apertures  which  not  infrequently  exist  in  the 
bony  septum.     The  result  of  such  extension  may  be  either  inflam- 

*  British  Medical  Journal,  vol.  ii.  1886,  p.  1154.  The  case  here  referred  to  is 
the  first  in  which  a  cerebral  abscess,  due  to  tympanic  suppuration,  was  correctly 
diagnosed,  localised,  and  successfully  treated  by  operation. 
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mation  of  the  vein  and  throml^osis,  or  destruction  of  its  wall  and 
consequent  fatal  haemorrhage. 

The  lateral  sinus  is  liable  to  be  similarly  implicated  as  a  result 
of  ihe  extension  of  the  inflammation  from  the  tympanum  to  the 
mastoid  antrum.  The  intervening  osseous  septum  is  often  very 
thin,  and  its  continuity  is  generally  interrupted  by  foramina, 
some  of  which  give  passage  to  veins.  Septic .  infection  of  the 
lateral  sinus  is  preceded  by  and  associated  with  the  presence  of  a 
subdural  abscess,  or,  more  accurately,  of  an  extra-dural  abscess. 
Less  frequently  the  superior  petrosal  sinus  becomes  inflamed  and 
contains  thrombi,  as  a  result  of  extensive  disease  of  the  petrous 
portion.  According  to  Wreden,  inflammatory  thrombosis  of  the 
jugular  vein  and  cerebral  sinuses  is  a  somewhat  frequent  com- 
plication of  suppurative  middle-ear  disease  :  he  met  with  it  five 
times  in  thirty-six  cases. 

Symptoms. — These  resemble  those  of  typhoid  fever,  but  are  apt 
to  be  intermittent,  the  patients  appearing  to  be  tolerably  well  in 
the  inten'als.  Rigors  and  pain  in  the  head  (increased  on  pressure) 
are  the  first  symptoms,  and  are  followed  by  pains  in  the  limbs, 
delirium,  restlessness,  hyperaesthesia.  and  finally  by  evidences  of 
cerebral  depression.  Consciousness  may  remain  unaffected,  but 
paralysis  of  the  opposite  side,  sometimes  of  an  intermittent 
character,  is  not  infrequent.  The  skin  is  dry.  and  becomes 
yellowish  as  the  case  ^-oes  on  :  the  tonp-ue  likewise  is  dry  and 
blackish  ;  the  pulse  is  frequent  and  corresponds  with  the  tempera- 
ture, which  exhibits  irregular  and  rapid  fluctuations.  ••  very  often 
amounting  to  a  well-marked  rigor.*'* 

When  the  internal  jugular  vein  is  the  seat  of  thrombosis, 
a  swelling  becomes  developed  on  the  side  of  the  neck,  extending 
downwards  from  the  articulation  of  the  lower  jaM'  along  the  inner 
border  of  the  sterno-cleido-mastoid  muscle.  The  adjoining  parts 
of  the  neck  are  oedematous,  but  not  reddened,  and  the  swelling- 
is  very  painful  on  pressure.  The  superficial  veins  of  the  face  and 
neck,  and  especially  the  external  jugular  vein,  are  much  swollen. 
and  pulsations  may  be  observed  in  some  of  them  :  ^vhereas  the 
internal  jugular  vein,  below  the  thrombus,  may  be  quite  empty, 
or,  as  in  some  cases  noticed  by  Schwartz  e.  more  distended  than 
the    vein    on    the  other   side.       When  the    internal  jugular  vein 

*  See  a  recent  paper  by  Mr.  Arbuthnot  Lane,  British  Medical  Journal, 
Sept.  1),  1893.     . 
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alone  is  affected,  the  neighbouring  vessels  carry  off  the  blood 
from  the  face,  and  no  great  change  is  apparent  ;  but  when 
the  thrombosis  extends  to  the  facial  veins,  the  cheeks  and 
eyelids  become  swollen  and  erysipelatous,  and  large  vesicles 
are  sometimes  formed  on  these  parts.  The  thrombi  may  also 
extend  through  a  branch  of  the  facial  vein  in  the  orbit  to  the 
cavernous  sinus. 

The  swelling  of  the  vein  in  the  jugular  fossa  may  encroach 
upon  the  eighth  pair  of  nerves,  and  cause  S3'mptoms  either  of 
irritation  or  paralysis.  The  most  common  symptom  thus  caused 
is  tonic  or  clonic  spasm  of  the  sterno-mastoid  or  trapezius  muscles, 
supplied  by  the  spinal  accessory,  the  head  being  drawn  down- 
wards, and  either  backwards  or  forwards.  When  the  pneumo- 
gastric  is  affected  there  is  inability  to  swallow,  loss  of  voice, 
cough,  and  paralysis  of  the  larjmgeal  muscles. 

When  the  superior  and  inferior  petrosal  and  the  cavernous 
sinuses  are  the  seat  of  thrombi,  the  symptoms  are  apt  to  be 
more  complicated.  Those  which  have  been  noticed  are  :  epistaxis, 
swelling  of  the  frontal  and  temporal  veins,  and  epileptiform  con- 
vulsions. When  the  cavernous  sinus  is  especially  affected,  there 
will  be  congestion  of  the  orbital  vessels,  impairment  of  vision, 
intolerance  of  light,  paralysis  of  the  third  and  sixth  nerves, 
exophthalmus,  ptosis,  oedema  and  erysipelas  of  the  eyelids.  The 
latter  sj'mptoms  are  especially  suggestive  of  thrombosis  of  the 
cavernous  sinus.  When  the  thrombus  extends  into  the  lateral 
sinus  there  is  swelling  in  the  neck,  extending  from  the  mastoid 
process  to  the  foramen  magnum,  and  due  to  the  impeded  escape 
of  venous  blood  through  the  emissary  veins  of  Santorini,  which 
connect  the  sinus  with  the  veins  at  the  back  of  the  head  and  neck. 
From  this  sinus  the  thrombotic  process  may  extend  forwards  to 
the  superficial  petrosal  and  cavernous  sinuses,  and  to  the  superior 
longitudinal  sinus. 

AVhen  the  last-named  sinus  is  the  seat  of  thrombosis,  the  most 
prominent  symptom  is  swelling  and  tortuosity  of  those  veins 
which  are  found  between  the  anterior  fontanelle  and  the  temporal 
and  auricular  recrions.  In  some  cases  of  children,  the  enlarp-e- 
ment  has  been  very  considerable ;  it  is  sometimes  associated  with 
cyanosis  in  the  anterior  part  of  the  face,  and  ha3morrhage  from 
the  nose.  Copious  perspiration  on  the  head  and  thorax  has  been 
occasionally  observed.     Attacks  of  an  epileptiform  character  are 
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not  infrequent,  and  are  caused  presuniabh'  b\'  minute  haemor- 
rhages in  the  cortex,  consequent  upon  the  impeded  escape  of 
blood  from  the  convexity  of  the  brain. 

The  symptoms,  as  above  described,  of  thrombosis  of  the  cere- 
bral sinuses,  resulting  from  ear-disease,  are  b}'  no  means  always 
present  in  a  uniform  manner  ;  several  may  be  absent  in  any  given 
case,  and  the  diagnosis  will  become  very  difficult  or  even  impos- 
sible. The  course  of  the  symptoms  varies  greatly  ;  it  is  sometimes 
ver}^  rapid,  death  taking  place  within  a  few  days  from  collapse  or 
from  implication,  by  n>etastasis,  of  some  important  organs.  In 
other  cases,  the  symptoms  run  a  chronic  course,  and  there  are 
several  remissions  or  intermissions,  death  at  last  taking  place 
from  pyaemia  or  exhaustion.  As  a  result  of  softening  of  a 
thrombus,  secondary-  deposits  are  liable  to  occur  in  various  organs, 
e.(j.,  the  lungs,  liver,  spleen,  kidneys,  etc.,  where  they  cause  special 
symptoms,  such  as  haemoptysis,  pneumonia,  hepatitis,  enlarge- 
ment of  the  spleen,  and  haematuria.  Sometimes  metastasis  takes 
place  to  the  joints,  pleura,  and  pericardium.  Recovery  from 
thrombosis  of  the  cerebral  sinuses  is  very  rare,  though  a  few 
recorded  cases  show  that  its  occurrence  is  not  impossible.  There 
is  some  evidence  to  the  effect  that  patients  presenting  t}i:)ical 
symptoms  may  recover  for  a  time,  but  only  to  succumb  to  the 
secondarj^  effects  after  intervals  varying  from  two  to  twelve 
months.* 

The  Diagnosis  of  thrombosis  of  the  cerebral  sinuses,  conse- 
quent upon  ear-disease,  is  sometimes  difficult,  and  sometimes 
clear.  Optic  neuritis  is  verj-  suggestive  of  its  existence.  In 
twentj'-two  cases  recorded  hj  Dr.  Pitt,  the  optic  discs  were  stated 
to  be  normal  onh'  in  one  instance ;  neuritis  is  far  less  common 
as  a  symptom  of  cerebral  abscess.  The  otorrhoea  in  cases  of 
thrombosis  has  generally  lasted  for  months  or  years ;  only  in 
rare  cases  has  the  affection  of  the  vein  or  sinuses  been  noticed 
to  supervene  a  few  weeks  after  the  appearance  of  the  ear- 
sj'mptoms,  and  in  very  acute  cases  life  has  lasted  only  a  week  or 
ten  daj's  after  the  development  of  the  vascular  lesions.  Pyrexia, 
rigors,  and  headache  are  the  most  constant  s^'mptoms  ;  and  if  the 
two  former  continue  after  the  mastoid  cells  are  opened  and  the 
tympanum  thoroughly  drained,  there  are  strong  reasons  for  sus- 

*  See  Dr.  Newton  Pitt's  Goulstonian  Lectures  on  "  Some  Cerebral  Lesions," 
British  Med.  Joimml,  March  22,  1890. 
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pecting  thrombosis.  Extreme  and  rapid  oscillations  of  the  tem- 
perature, taken  in  connection  with  the  other  symptoms  will  tend 
to  establish  the  diagnosis.*  Earache,  vomiting,  coma,  delirium, 
and  convulsions  are  more  or  less  frequentl}'  present.  Should  the 
case  become  chronic,  the  symptoms  will  more  and  more  resemble 
those  of  typhoid  fever  or  septica3mia.  There  will  be  considerable 
emaciation,  with  a  very  dry  tongue  and  rapid  pulse.  The  local 
symptoms  will  remain  as  described  in  a  former  paragraph ;  some-- 
times  abscesses  form  along  the  course  of  the  internal  jugular  vein. 
Sj'mptoms  are  ver}'  apt  to  occur  in  other  organs,  and  especially  the 
lungs,  liver,  and  spleen.  Acute  pulmonary  mischief  is  seldom 
absent :  in  three-fourths  of  the  cases,  death  occurs  from  pul- 
monary pyaemia. 

Treatment. — The  condition  being  so  dangerous,  it  is  justifiable 
to  incur  serious  risk  in  the  hope  of  saving  a  patient.  The  mastoid 
antrum  should  first  be  opened,  and  if  the  state  of  that  cavity  does 
not  account  for  the  symptoms,  the  more  dangerous  operation 
should  be  undertaken.  Only  very  heroic  treatment  can  be  of  mij 
avail.  It  consists  in  applying  a  ligature  to  the  internal  jugular 
vein  in  the  neck,  opening  the  lateral  sinus,  and  scraping  out  the 
clot.  The  operation  should,  of  course,  be  performed  under  strict 
antiseptic  precautions,  and  if  there  be  much  purulent  matter  in 
the  vein  or  sinus,  irrigation  should  be  practised.  Dr.  Pitt  points 
out  that  in  some  instances  it  may  be  desirable  to  apply  a  ligature 
to  the  jugular  vein  low  down  in  the  neck  and  to  seal  the  wound ; 
then  higher  up  the  vein  may  be  again  tied  and  divided,  and  the 
upper  end  brought  out,  so  that  any  septic  matters  which  may  pass 
down  may  escape  externally.  In  the  case  of  a  boy,  aged  ten  years, 
under  the  care  of  Mr.  Lane,t  for  symptoms  of  thrombosis  of  the 
lateral  sinus,  after  the  mastoid  cells  had  been  opened  and 
examined  without  result,  the  sinus  was  explored,  a  mass  of  foul 
clot  removed,  and  the  jugular  vein  tied.  The  boy  made  an  un- 
interrupted recovery  and  remained  quite  well  eighteen  months 
after  the  operation.  Optic  neuritis  had  been  a  prominent  sym- 
ptom, and  the  fact  that  -rigors  and  pyrexia  continued  after  the 
mastoid  cells  had  been  explored,  pointed  to  the  existence  of  a 
thrombus. 

*  See  paper  by  Mr.  Ballance,  British  Med.  Journal,  April  5,  1890,  p.  783. 
t  See  reports  of  other  cases  operated  upon  by  the  same  surgeon,  British  Med. 
Journal,  Sept.  9,  1893,  p.  561. 
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(1)  Ulceration  of  the  Coats  of  the  Carotid  Artery,— 

Caries  and  necrosis  of  the  petrous  part  of  the  temporal  bone  some- 
times affect  that  portion  which  forms  the  canal  for  the  carotid 
artery,  causing  destruction  of  the  coats  of  the  vessel  and  fatal 
haemorrhage.  Such  cases  are  fortunately  very  rare  ;  the 
researches  of  Hessler,*  Moos,  and  Steinbriiggef  have  brought 
to  light  some  fourteen  instances,  and  another  has  been  recorded 
by  Politzer. 

The  anterior  wall  of  the  tjmipanum  is  in  close  contact  with 
the  carotid  artery  ;  any  gap  or  deficiencies  in  the  bony  septum 
are  of  serious  import,  as  they  render  the  artery  liable  to  be 
involved  in  inflammatory  processes.  The  vessel,  likewise,  while 
passing  through  the  canal  gives  off  minute  branches  to  the  cavity, 
and  along  these,  inflammation  may  extend  to  the  main  trunk, 
producing  thickening  of  its  walls,  thrombosis,  and  ulceration. 
Gruber  alludes  to  cases  of  this  character,  in  which  the  connective 
tissue  forming  the  sheath  of  the  vessel  was  much  relaxed  and 
infiltrated  with  pus-corpuscles  and  fluid  exudation. 

When  the  arterial  wall  gives  A\'ay,  the  opening  is  usually 
found  at  the  junction  of  the  vertical  with  the  horizontal  portion, 
and  the  corresponding  part  of  the  canal  is  carious  or  necrotic. 
Less  commonly  there  are  two  openings  in  the  vessel ;  in  all 
cases  direct  communication  could  be  traced  between  its  interior 
and  the  tympanum.  The  blood,  of  course,  pours  into  the  latter 
cavity,  and  thence  into  the  meatus  ;  but  in  one  case  in  which 
the  membrane  was  intact,  haemorrhage  took  place  through  an 
opening  in  the  floor  of  the  auditory  canal,  leading  to  an  abscess 
in  the  anterior  part  of  the  petrous  bone.  Some  constitutional 
disorder  could  be  traced  in  the  majority  of  the  recorded  cases  ; 
thus,  in  eight,  there  was  a  history  of  tuberculosis  ;  in  one,  of 
scrofula,  and  in  another,  of  syphilis.  In  one  case  the  necrosis 
was  due  to  the  application  of  a  concentrated  acid.  In  several 
of  the  cases  the  arterial  lesion  was  accompanied  by  meningitis 
and  cerebral  abscess,  the  result  of  the  caries  and  necrosis  of 
the  temporal  bone. 

The  Symptoms  of  ulceration  and  rupture  of  the  carotid  artery 
are  sufficiently  distinct.  Blood  streams  forth  from  the  ear  in 
more  or  less  distinct  jets,  or  trickles  away  continuously.     It  also 

*  ArcJdi'filr  Ohrenheilhiinde,  Bd.  xviii. 
t  Zeitschrift fur  Olirenhcllhunde,  Bd.  xiii. 


GEXEPvAL  TUBERCULOSIS.  52J 

iinds  its  way  through  the  Eustachian  tube  into  the  throat,  whence 
it  passes  into  the  stomach  or  is  ejected  from  the  mouth.  Tlie 
ordinary  symptoms  of  loss  of  blood  are  soon  exhibited ;  the 
patient  becomes  pale,  faint,  and  collapsed.  In  some  cases  death 
ensued  from  the  first  haemorrhage  ;  in  others,  the  flow  ceased  and 
the  patients  rallied  for  a  while,  and  the  haemorrhage  was  repeated 
at  intervals  from  ten  to  twent}'-  times  until  the  fatal  result 
ensued.  The  time  between  the  latter  and  the  first  appearance  of 
the  symptoms  varied,  in  the  cases  alluded  to,  from  five  minutes  to 
thirteen  days.  In  several  instances  the  carotid  artery  was  tied  ; 
but  all  of  them  terminated  fatally. 

The  Diagnosis  can  seldom  be  difficult.  There  is  the  previous 
history  and  symptoms  of  severe  middle-ear  suppuration,  the 
sudden  discharge  of  arterial  blood  from  the  meatus,  and  the 
possibility  of  arresting  the  bleeding,  at  least  temporarily,  by 
compressing  the  carotid  artery  on  that  side.  In  haemorrhage 
from  the  ear  from  ulceration  opening  into  the  lateral  sinus, 
the  blood  is  dark-coloured,  and  the  flow  is  not  influenced  by 
compression  of  the  carotid  artery. 

Treatment. — Compression  may  first  be  tried,  but  after  a  time 
it  is  apt  to  become  too  painful  to  be  borne,  and  its  effects  are  only 
temporary.  Ligature  of  the  carotid  will  of  course  arrest  the 
haemorrhage,  which,  however,  is  likely  to  recur.  The  operation 
was  performed  in  one  of  the  cases  alluded  to  above ;  the 
haemorrhage  ceased  during  nine  days,  and  then  reappeared,  the 
carotid  artery  on  the  other  side  was  then  tied,  but  death  took 
place  three  days  later  from  a  recurrence  of  the  haemorrhage. 
As  a  matter  of  course  no  permanent  result  can  be  expected  from 
injecting  styptics  into  the  middle  ear,  though  the  haemorrhage 
may  be  thereby  checked  to  some  extent  for  a  time.  The  chlorides 
of  iron  and  zinc  have  been  employed  for  this  purpose. 

(5)  General  Tuberculosis. — There  remains  one  more  con- 
sequence of  middle-ear  suppuration  to  which  reference  must  be 
made,  viz.,  general  tuberculosis.  In  not  a  few  cases  of  otorrhoea,  the 
complaint  exercises  an  unfavourable  influence  upon  the  general 
condition  of  the  body,  and  the  majority  of  such  patients  die 
without  reaching  old  age.  Perhaps  there  may  not  be  decided 
symptoms  of  phthisis,  but  emaciation,  weakness,  and  cachexia 
graduall}^  become  more  and  more  evident,  and  the  general  results 
are    attributable   to  the    absorption   of  morbid  matters   from  the 
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cavity  of  the  tympanum  or  mastoid  cells.  ^lore  than  thirty 
years  ago,  Bnhl*  pointed  out  that  when  pus  was  collected  in  an 
osseous  cavity,  the  walls  facilitated  the  aljsorption  of  the  morbid 
nuaterials.  and  the  consequent  supervention  of  miliary  tuberculosis. 
The  tympanic  cavity  is  for  the  most  part  bounded  by  osseous 
walls,  and  when  it  is  the  seat  of  suppurative  inflammation  it 
closely  resembles  an  abscess  situated  in  a  bone. 

Referring  to  the  occasional  difficulty  of  discovering  caseous 
sources  of  infection  in  the  bodies  of  persons  who  have  succumbed 
to  miliary  tuberculosis.  Dr.  Barrf  alludes  to  the  fact  that  the 
mastoid  process  is  almost  always  neglected  by  pathological 
anatomists,  and  yet  the  conditions  for  the  development  of 
caseous  masses  exist  there  more  frequently  than  in  any  other 
place.  The  mastoid  cells  are  especially  liable  to  be  invaded  by 
micro-organisms,  which  readily  gain  access  either  through  the 
throat  'or  directly  through  the  meatus.  Among  these,  the  bacilli 
of  tubercle  must  often  find  their  ^  way  into  the  cells  ;  and  in 
favourable  cases,  general  tuberculosis  is  sooner  or  later  set  up. 
All  conditions  which  tend  to  depress  vitality,  such  as  improper 
food,  cold,  damp  dwellings,  insufficient  ventilation,  etc.,  will 
increase  the   liability  to  constitutional  infection  from  these  foci. 

Tubercular  meningitis,  in  all  probability,  frequently  owes  its 
origin  to  caseous  deposits  in  the  ear.  The  pia  mater  is  closely 
connected  with  the  middle  ear  by  means  of  lymphatic  channels. 
Dr.  Barr  points  out  that  the  internal  auditory  artery,  which  is 
distributed  to  the  pia  mater,  close  to  the  favourite  seat  of  the 
tubercular  deposits,  anastomoses  freely  with  the  stylo-mastoid 
artery  which  supplies  the  greater  part  of  the  blood  to  the  mucous 
membrane  of  the  middle  ear.  These  vessels  are  accompanied  by 
plexuses  of  lymphatics,  which  presumably  act  as  the  carriers  of 
the  infective  materials :  and  the  preference  of  tubercle  for  the  base 
of  the  cerebrum  may  thus  be  explained  on  anatomical  grounds. 

*  Zeitschrift  fiir  rat.  Med.,  1856.      Wiener  Med.  Woch.  1859,  S.  195. 
f  Manual  of  Diseases  of  the  Ear,  p.  428. 
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CHAPTEE   XXXY. 

LOCAL  AND  GEXEKAL  AFFECTIONS  LIABLE  TO  CAUSE 
DISORDERS  OF  HEARING. 

Two  Principal  Classes — Extension  of  Morbid  Processes  and  Localisation  of 
Specific  Micro-Organisms  in  Ear— Cerebral  Anaemia  and  Ilyperaeraia 
— Cerebro-Spinal  Meningitis — Lesions  of  Cerebral  Blood- Vessels — 
Lesions  of  the  Psycho-Acoustic  Centre — Acute  Hydrocephalus — 
Tumours  of  the  Brain— Spinal  Diseases— Croup,  Diphtheria,  and 
Scarlatina  —  Measles —  Mumps  —  Influenza  —  Typhus,  Typhoid,  and 
Small-Pox — Tuberculosis — Syphilis. 

^Iany  diseases,  of  a  more  or  less  grave  character,  are  liable  to  be 
accompanied  b}'  disorders  of  hearing  and  lesions  of  the  auditory 
apparatus  ;  in  some  instances,  as  a  direct  consequence  of  the 
extension  of  morbid  processes,  and  in  others  as  the  result  of  the 
constitutional  disturbance  and  of  the  localisation  of  specific  micro- 
organisms in  portions  of  the   ear. 

Almost  any  morbid  process  in  the  brain  may  cause  disorder 
of  hearing,  either  by  directly  involving  the  auditory  nerves 
or  nervous  centres,  or  by  setting  up  irritation  which  is  trans- 
mitted to  those  parts.  The  diseases  of  the  brain  and  its  mem- 
branes which  most  often  cause  aural  complications  are  hyperaemia 
and  anaemia,  encephalitis  and  meningitis,  lesions  of  the  blood- 
vessels (as  in  apoplexy),  hydrocephalus,  and  new  formations.  Any 
of  these  conditions  may,  however,  exist  without  producing 
auditory  disturbance  ;  the  occurrence  of  the  latter  is  for  the 
most  part  the  direct  result  of  pressure  upon,  or  irritation  of,  the 
auditory  nerve,  and  if  these  conditions  be  absent,  there  will 
probably  be   no  functional   derangement  of  the  sense-organ. 

In  another  class    of  cases,  the  aural  complications   are    pro- 
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duced  in  a  different  manner.  The  diseases  with  which  they  are 
associated  are  due  to  the  presence  in  the  blood  of  specific  micro- 
organisms, and  these  latter  are  conveyed  to  the  organ  of  hearing 
in  which  they  exert  their  deleterious  influences.  In  some  of  these 
diseases,  of  which  scarlatina  may  be  taken  as  the  type,  the  morbid 
processes  in  the  ear  would  appear  to.  result  from  extension  of 
disease  from  the  throat  through  the  Eustachian  tube.  In  others — 
e.(/.,  influenza  and  tuberculosis — the  excitants  of  the  aural  disease 
would  seem  to  be  conveyed  by  the  vascular  or  lymphatic  channels, 
for  there  is  no  necessary  throat-disease  as  a  starting-point  and 
source  of  the  mischief. 

The  present  chapter  will  be  devoted  to  a  consideration,  firstly 
of  those  local  diseases  which  may  affect  the  ear.  and  secondh^  of 
those  general  disorders  which  are  more  or  less  frequently  attended 
by  aural  complications. 

Cerebral   Anaemia  and  Hyperaemia,   unless  associated 

\\ith  organic  lesions,  seldom  cause  any  serious  change  in  the 
hearing-power.  They  may,  however,  give  rise  to  subjective 
sensations  in  the  ears,  such  as  noises  of  various  kinds,  and  to 
giddiness  :  and  anaemia,  as  in  persons  convalescing  from  severe 
diseases,  is  an  occasional  cause  of  deafness,  which  subsides  as 
the  general  condition  improves. 

In  ordinary  meningitis,  the  auditory  nerve  and  the  structures 
of  the  labyrinth  are  seldom  affected.  Politzer  alludes  to  a  few 
cases  in  which  purulent  inflammation  of  the  ependyma.  softening 
of  the  floor  of  the  fourth  ventricle,  purulent  infiltration  and 
atroph}'  of  the  auditory  nerves  were  found  after  death.  In 
children  who  recover,  deafness  from  this  cause  is  usually  com- 
plete, and  for  some  months  afterwards  symptoms  of  loss  of 
co-ordination  are  generally  present.  In  adults,  the  deafness  is 
apt  to  be  less  marked,  but  noises  in  the  ears  may  continue  for 
indefinite  periods.  In  ha?morrhagic  pachymeningitis,  deafness 
has  been  found  to  be  due  to  extravasation  of  blood  between  the 
fibres  of  the  auditory  nerve.* 

Cerebro-Spinal  Meningitis  is  often  accompanied  by  s^nn- 
ptoms  of  auditory  disturbance,  and  followed  by  serious  lesions  of 
the  internal  and  middle  ear.  At  an  early  stage  of  the  complaint, 
noises  in  the  ears  and  more  or  less  deafness  are  frequently  noticed, 

*  See  report  of  a  case  examined  by  Drs.  Moos  and  Steinbriigge,  Arch  ires  of 
Otology,  vol.  xi.  p.  322. 
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and  may  continue  until  the  patient  becomes  insensible.  In  fatal 
cases,  the  following  appearances  have  been  observed  :  swelling 
and  hyperaemia  of  the  trunk  of  the  auditory  nerve,  and  purulent 
matter  deposited  around  it ;  suppurative  inflammation  of  the 
tympanum,  and  a  similar  condition,  accompanied  by  hsemorrhagic 
effusion,  in  the  membranous  labyrinth.  The  changes  in  the  latter 
structure  may  be  developed  independently  of  the  other  aural 
lesions,  and  either  as  a  result  of  the  neuritis  or  b}'  propagation  of 
the  mischief  along  the  aquaeductus  vestil)uli  and  cochleae.  Facial 
palsy  is  absent  in  the  majority  of  cases. 

Children  are  more  liable  than  adults  to  be  thus  affected,  and 
the  loss  or  impairment  of  function  generally  extends  to  l)oth  ears. 
Should  the  meningitis  terminate  favourably,  marked  unsteadiness 
of  gait  is  often  associated  with  the  deafness,  and  is  a  prominent 
feature  during  convalescence.  This,  however,  passes  off  after  a 
time,  but  the  deafness  remains.  It  is  a  somewhat  remarkable  fact 
that  the  liability  to  aural  disease  is  not  in  proportion  to  the 
severity  of  the  meningeal  disorder,  and  different  epidemics  vary  as 
to  the  fre(|uency  of  the  complication  referred  to.  Thus,  cases  have 
been  observed  in  which  the  febrile  symptoms  were  of  a  very  acute 
type,  but  the  aural  complications  were  absent.  On  the  other 
hand,  tlie  latter  are  sometimes  severe  and  frequent  among  what 
may  be  termed  abortive  forms  of  cerebro-spinal  meningitis. 
Politzer  thinks  that  impairment  of  hearing  and  disturbance  of 
equilibrium,  as  complications  of  cerebro-spinal  meningitis  and 
likewise  of  simple  inflammation  of  the  meninges,  are  sometimes 
due  to  pathological  changes  in  the  brain  without  any  lesions  in  the 
organ  of  hearing  itself.  In  some  cases  the  deafness  is  accom- 
panied by  impairment  of  vision  in  one  or  both  eyes,  by  dis- 
orders of  speech,  and  symptoms  indicating  that  other  nerves 
are  involved. 

Cerebro-spinal  meningitis  is  the  most  connnon  cause  of 
acquired  deaf-nnitism.  and  in  this  connection  a  special  interest 
is  attached  to  the  former  disease,  inasmuch  as  a  controvers\-  has 
arisen  with  regard  to  the  etiology  of  certain  cerebral  symptoms  of 
a  more  or  less  mild  character,  but  liable  to  be  attended  by  loss 
of  hearing.  In  1882,  Dr.  A'oltolini.*  of  Breslau,  published  an 
account  of  187  deaf-mutes,  whose  malad}'  was  due.  in  his  opinion. 

*  Die  Arnte  Entzilndinifj  des  hant'ifien  Lahijr'inthcs  der  Olives  TrrtJiiuidich  fiir 
Men'in(/'ttis  Cerebro-.'^jnualis  (reJialten,  Breslau,  1882. 
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to  otitis  lalnrintliica,  and  in  Avhose  history  he  failed  to  recognise 
any  indication  of  cerebro-spinal  meningitis.  On  the  other  hand, 
Drs.  Hartniann*  and  Gottsteinf  have  shown  that  Voltolini's  views 
are  erroneous,  and  tliat  at  least  in  the  majorit}^  of  his  cases,  the 
aural  affection  was  the  result  of  epidemic  cerebro-spinal  men- 
ingitis. This  conclusion  has  been  -also  adopted  by  Professor 
Moos,  of  Heidelberg,  in  his  monograph  on  the  disease  in  question.! 
According  to  the  same  authority,  when  the  deafness  comes  on 
between  the  third  and  tenth  day  of  the  disease,  the  labyrinth  is 
involved  by  becoming  in  itself  the  seat  of  inflammatory  changes  ; 
but  when  the  deafness  begins  on  or  after  the  fourteenth  day,  the 
internal  ear  has  become  affected  by  extension  of  inflammation 
along  the  auditory  nerve. 

Dr.  H.  Knapp,§  of  New  York,  considers  that  in  cerebro-spinal 
meningitis,  the  eye  as  well  as  the  ear  may  be  aflected  in  two 
Avays,  viz.,  by  propagation  of  the  inflammation  along  the  optic 
and  auditory  nerves — which  for  the  eye  at  least  is  the  rarer  of 
the  two — or  secondly,  b}^  metastatic  inflammation  of  the  interior 
of  the  eye  and  ear.  In  cases  belonging  to  the  second  category, 
the  functions  of  the  visual  and  auditory  organs  are  not  alwaj^s 
destroyed.  Voltolini's  theory  of  an  independent  otitis  intima 
fails  to  explain  the  simultaneous  occurrence  of  disease  in  the  two 
organs. 

The  Prognosis  in  the  cases  under  discussion  is  very  unfavour- 
able ;  improvement  is  quite  the  exception  when  the  hearing  is 
much  impaired,  and  any  change  for  the  better  is  seldom  per- 
manent. According  to  Prof.  Moos,  those  who  are  able  to  hear 
high  notes  have  a  better  chance  of  recovering  hearing  than  those 
who  cannot ;  and  in  cases  of  absolute  deafness  without  tinnitus, 
the  occurrence  of  the  latter  symptom  is  favourable,  as  showing  a 
tendency  in  the  auditory  nerve  to  resume  its  function. 

Treatment. — As  soon  as  aural  complications  are  discovered  in 
a  case  of  cerebro-spinal  meningitis,  cold  should  be  continuously 
applied  to  the  ear  and  mastoid  process,  while  the  ordinar}^ 
remedies    are   used    to    subdue   the   fever  and    other  symptoms. 

'     *  Archives  of  Otology,  vol.  xiii.  p.  85. 

t  "  Weitere  Beitriige  zur  Neuropathischen  Form  des  Meniereschen  Symptomen- 
Coraplex,"  ^Irc //./<</•  Ohrenlicilh.,  Bd.  xvii. 

X   Uehei-  Jleuinf/itis  Cerehro-SjrinaUs  Epldetnica.     Heidelberg,  1881. 

§  Archives  of  Otology,  vol.  xiii.  p.  297.  See  also  Dr.  McBride's  Diseases  of  the 
Throat,  Nose,  and  Ears,  p.  SS'^. 
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After  a  time  the  preparations  of  iodine  may  be  given  with  the 
view  of  promoting  absorption.  Politzer  also  recommends  the 
internal  use  of  pilocarpine,  four  to  six  drops  of  a  two  per  cent,  solu- 
tion, or  about  three  drops  subcutaneously  injected.  An  ointment 
containing  iodine  or  iodoform  may  at  the  same  time  be  applied  to 
the  mastoid  process.  Xeither  strychnine  nor  electricity  would 
seem  to  be  of  any  use  in  these  cases. 

Lesions    of    the    Cerebral    Blood-Vessels,    including 

embolism,  aneurism,  and  rupture,  may  disturb  the  function  of 
hearing  in  various  ways ;  the  result,  in  such  cases,  depending 
upon  the  site  of  the  lesion.  When  the  latter,  though  small  in 
extent,  is  situated  so  as  to  involve  the  auditory  centres,  or  any 
portion  of  the  auditory  nerve,  the  hearing  is  likely  to  be  very 
seriously  affected.  Degenerative  changes  in  the  labyrinth,  with 
loss  of  hearing,  are  sometimes  due  to  embolism  ;  thus,  in  a  case 
of  endocarditis,  the  sudden  deafness  which  supervened  was  found 
after  death  to  be  due  to  embolism  of  the  internal  auditory  artery. 
The  same  process  in  vessels  at  some  distance  from  the  ear  mav 
likewise  cause  deafness  as  a  result  of  secondary  processes  in  the 
brain.  Aneurism  of  the  basilar  artery  is  liable  to  cause  deaf- 
ness ;  in  some  recorded  cases  of  this  kind,  the  loss  of  function 
was  for  a  time  intermittent.  Hemorrhage  from  the  cerebral 
vessels  does  not  frequenth'  produce  disorders  of  hearing;  in  most 
of  the  cases  in  which  this  symptom  was  present,  either  the  pons 
Varolii  or  the  cerebellum  was  the  part  affected. 

The  frequent  occurrence  of  deafness  in  connection  with  lesions 
of  certain  parts  of  the  brain  has  helped  to  indicate  the  spots  in 
which  the  acoustic  centres  are  localised.  In  several  cases  in 
which,  after  death,  the  left  temporal  convolution  was  found  to  be 
the  seat  of  various  lesions,  such  as  embolism,  softening,  tubercle, 
etc.,  it  had  been  noticed  that  the  patients  had  not  been  al)le  to 
understand  what  was  said  to  them,  although  they  evidently  heard 
the  sounds  of  the  words.  It  was  therefore  assumed  that  the 
psycho-acoustic  centre  was  placed  in  the  cortex  of  the  left  tem- 
poral convolution,  and  that  excitement  of  the  auditory  nerve  led 
to  the  formation  in  this  part  of  an  acoustic  representation  of 
words.  Destruction  or  removal  of  this  centre  is  followed  by  a 
condition  in  which  sounds  are  heard,  but  the  sense  of  words  is  not 
understood ;  this  is  termed  sensor}'  aphasia  or  word-deafness.  It 
would  therefore  seem  that  the  first  left  temporal  convolution  is  the 
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psYcho-aeoustic  centre,  flunk's  experiments,  howerer.  show  that 
adjacent  ganglia  ranst  possess  the  same  function,  for.  after  injury 
to  the  greater  part  of  the  centre,  the  disorder  of  hearing  subsides 
in  the  course  of  a  few  weeks. 

There  would  appeal*  to  be  an  analogy  between  disorders  of 
hearing,  due  to  central  lesions,  and  those  of  rision.  produced  bv  a 
similar  cause :  and  three  forms  may  l>e  distinguished.  The  first 
is  simple  cortical  deafness:  the  second  is  psychical  deaftiess.  in 
which  the  patient  is  unable  to  interpret  any  impressions  made 
upon  his  auditory  nei-ves  :  he  does  not  understand  what  is  said  to 
him,  and  fails  to  recognise  any  difference  Wtween  the  barking  of 
a  dog  and  the  ringing  of  a  bell.  etc.  In  the  third  form,  or  word- 
deafiiess.  the  patient  heai-s  the  words,  and  can  repeat  them,  but 
cannot  affix  any  significance  to  them.  He  resembles  one  who  in 
early  youth  has  learned  a  foreign  tongue,  and  at  a  later  period 
has  completely  forgotten  it.  This  condition  of  word-deafhess  is 
said  to  be  not  infirequent  in  syphilitic  disease  of  the  brain,  such 
as  gummata  of  the  cortex,  and  is  generally  combined  \\-ith 
hemiplegia. 

Acnte  Hydrocephalus  is  sometimes  accompanied  by  deaf- 
ness, which.  -1:  .;li  :li-  patient  surviTe.  may  either  subside  or 
i-emain  permanent.  In  a  small  proportion  of  deaf-mutes,  the  loss 
of  function  is  attributable  to  an  attack  of  hydrocephalus  in  early 
childhood.  The  lesions  produced  by  the  disease  are  stated  to 
be  inflammatory  changes  in  the  floor  of  the  fourth  ventricle, 
and  softening  and  atrophy  of  the  auditory  nerve-nuclei.  In 
chronic  hydrocephalus,  the  nerve  becomes  atrophied  from 
pressure. 

In  cases  of  Tounour  of  the  Brain  sight  is  far  more  frequently 
affected  than  heaiiug.  and  complete  dealiiess  is  comparatively  rai*e. 
More  or  less  impairment  of  function  is  noticed  in  about  one- 
thirteenth  of  all  cases.  Ladame's  statistics  show  that  the  heaiing 
was  affected  in  seven  out  of  seventy-seven  cases  of  tumour  of  the 
cerebellum :  in  three  out  of  fourteen  of  tumonr  of  the  middle 
lobe :  while  in  forty-five  other  instances,  the  parts  involved  being 
the  anterior  lobe  (twenty-seven),  the  posterior  lobe  (fourteen),  and 
the  floor  of  the  foiu-th  ventricle  (four),  there  was  no  disorder  of 
the  hearing-function.  The  aflection  of  the  auditorv  nerve  was 
caused  in  various  ways,  the  principal  changes  being  atrophy  of 
the   trunk   or  nuclei  from  pressure;    embolism  of  the  internal 
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■tiiulitorv   or  basilar   artery ;    extravasation   of  blood    at   the   base 
of  the  brain  or   in  the   labyrinth. 

The  symptoms  pointing  to  implication  of  the  auditory  nerve 
are  deafness  of  various  degrees,  subjective  sensations  and  giddi- 
ness :  the  deafness  is  generalh"  unilateral,  but  sometimes  both 
sides  are  affected.  Evidences  of  disorder  of  vision  are  very 
commonly  superadded ;  and  in  some  cases  these  latter  precede 
the  deafness. 

Syphilitic  Growths  in  the  Brain  may  involve  the  audi- 
tory nerve  with  disorder  of  function  as  a  result.  In  a  case  of 
this  kind,  recorded  by  Wernicke  and  Friedlander.*  a  lesion 
existed  in  the  temporal  lobe  on  both  sides.  The  patient,  a 
woman  aged  forty-three,  had  suffered  from  epilepsy  in  her  youth, 
and  about  a  year  before  her  death,  the  attacks  returned,  and  were 
accompanied  by  deafness,  to  which  aphasia  and  right-sided  hemi- 
plegia were  afterwards  superadded.  She  was  under  treatment  for 
some  weeks,  with  the  result  that  the  speech  was  somewhat  im- 
proved when  she  was  discharged  from  the  hospital.  A  month  later 
she  returned  with  her  left  arm  decidedly  paretic,  but  restoration 
of  power  in  the  right  arm.  There  was  no  further  improvement 
in  the  speech,  and  the  deafness  on  both  sides  was  complete.  She 
died  a  few  days  afterwards  with  symptoms  of  leukemia.  Post- 
mortem examination  showed  gummatous  softening  in  both  tem- 
poral lobes  and  lesions  indicative  of  syphilis  in  many  other 
organs.  In  the  left  temporal  lobe,  the  whole  of  the  first  and 
second  convolutions  and  a  portion  adjoining  were  occupied  by  the 
deposit.  In  the  right  temporal  lobe,  the  superior  and  posterior 
portions  were  involved,  while  anteriorly  the  deposit  extended 
almost  to  the  parietal  lobe. 

Disorders  of  the  spinal  cord  are  sometimes  attended  by  dis- 
orders of  hearing.  Thus  in  locomotor  ataxy,  noises  in  the  ears, 
deafness,  and  auditory  hallucinations  are  not  very  infrequent. 
Giddiness  is  much  more  common,  and  may  be  attributable  to 
lesions  of  the  nerve-fibres  supplying  the  semi-circular  canals. 
Atroph}'  of  the  auditory  nerve  has  also  been  discovered  in 
several  cases  of  ataxy. 

It  now  remains  to  consider  the  aural  complications  which  more 
or  less  frequently  attend  certain  general  disorders,  for  the  most 
part  febrile  in  character.  Chief  among  these  are  diphtheria, 
*  Cited  by  Graber,  Op.  cit.,  p.  623. 

34 


530  LOCAL   AND  GEXEliAL  AFFECTIONS. 

scarlet  fever,  measles,  niunips,  and  influenza.     Anral  diseases  are 
also  not  infrequently  due   to  tuberculosis  and  syphilis. 


CROUPOUS  AND  DIPirjIIKiaTIC  INFLAMMATION  OF  THE 
MIDDLE  EAR. 

Both  these  forms  of  inflammation  occur  in  the  middle  ear- 
the  diphtheritic  form  is  rarely  an  independent  affection.  It  some- 
times happens  that  when  diphtheria  attacks  the  throat  and  causes 
death,  the  Eustachian  tubes  and  tympanic  cavities  are  found  to 
be  occupied  by  secretions  and  membranous  formations,  which 
latter  belong  rather  to  croup  than  to  the  original  affection, 
inasmuch  as  they  affect  the  surface  only,  and  can  be  more  or  less 
easily  detached.  Croupous  deposits  sometimes  accompanj'  chronic 
middle-ear  suppuration  and  perforation  of  the  membrane ;  they 
take  the  form  of  greyish-white  patches,  and  are  presumably  due 
to  infection  from  without. 

During  the  last  few  years,  evidence  in  some  cases  has  been 
obtained  of  positive  diphtherial  invasion  of  the  tympanum  by  the 
special  bacillus,  discovered  by  Klebs  and  Loffler.  The  patients 
were  children  who  had  succumbed  to  pharyngeal  diphtheria,  and 
whose  tympanic  cavities  were  filled  with  secretion.  Cases  of 
diphtheria  of  the  tympanum,  associated  with  a  similar  affection 
of  the  pharynx,  have  been  recorded  by  Wendt,*  Kupper,t  Loring.J 
Stocquart,§  and  Hirsch.||  In  one  of  Dr.  Hirsch's  cases,  that  of  a 
child  twenty-one  months  old.  who  had  died  from  diphtheria  of  the 
pharynx  and  larynx,  the  mucous  membrane  of  the  tympanum  was 
greatly  thickened,  almost  obliterating  the  entire  cavity,  and  was 
covered  with  a  tenacious  membranous  deposit.  This  exudation  was 
found,  under  the  microscope,  to  consist  of  a  fibrinous  network,  with 
many  red  and  white  blood-corpuscles  and  other  cellular  elements. 
After  the  use  of  AYeigert's  method  for  staining,  vast  numbers  of 
micrococci  were  discoverable.  It  is  worthy  of  note  that  in  this,  as 
in  similar  cases,  very  slight  evidences  of  inflammation  were  found 
in  the  Eustachian  tube,  as  compared  with  the  pronounced  affection 

*  "Wagner's  Arclnv  f.  IJeilh.,  vol.  xi.  p.  257. 

"^r  Archil' far  Ohreirhe'dli.,  vol.  xi. 

X  Hid.,  voL  xviii.  p.  102. 

§  Ibid.,  vol.  xxii.  p.  45. 

!l  Archives  of  Otology,  vol.  xix.  p.  34. 
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of  the  pharynx  and  tympanum,  and  it  seemed  probable  that  the 
morbific  agents  reached  the  tympanic  cavity  by  way  of  the  blood- 
vessels or  lymph-channels,  and  not  through  the  tube.  Two  cases 
of  diphtheria  of  the  tympanic  cavity  without  marked  implication 
of  the  Eustachian  tubes  have  been  recorded  by  Burckhardt- 
Merian.* 

There  is, no  doubt  as  to  the  important  part  played  by  micro- 
organisms in  the  causation  of  this  disease,  though  inoculations 
have  failed  to  prove  with  certaint}'  that  diphtheria  is  due  to  the 
presence  of  any  one  organism.  In  three  fatal  cases  of  diphtheria, 
in  which  the  middle  ear  was  invaded,  Dr.  Moosf  was  unable  to 
discover  any  micro-organisms  in  the  diseased  parts ;  but  in  six 
other  cases  micrococci  and  streptococci  were  found  in  abundance. 
Many  of  the  histological  observations  of  croupous  or  diphtheritic 
inflammation  of  the  middle  ear  were  made  in  cases  of  naso- 
pharyngeal diphtheria  which  had  spread  through  the  Eustachian 
tubes.  The  Vienna  specialists  maintain  that  primary  pharyngeal 
diphtheria  is  not  very  often  accompanied  by  a  similar  affection  of 
the  ear  ;  but  that  if  the  pharyngeal  disease  be  associated  with 
scarlatina,  croupous  inflammation  of  the  middle  ear  is  very  liable 
to  occur.  In  Dr.  Moos's  opinion,:|:  all  we  can  say  is  that  the 
primary  pharyngeal  diphtheria  is  more  rarehj  complicated  with 
diseases  of  the  middle  ear  than  scarlatinal  diphtheria.  In  many 
of  the  recorded  cases,  it  is  impossible  to  state  definitely  whether 
the  changes  should  be  described  as  croupous  (i.e.,  superficial 
fibrinous)  or  diphtheritic  (S.  Hirsch). 

In  severe  cases  of  diphtheria  of  the  middle  ear  the  destructive 
changes  are  apt  to  be  very  considerable.  Thus  the  greater  part 
or  the  whole  of  the  membrana  tympani  may  be  destroyed ;  the 
ossicles  and  osseous  walls  may  be  the  seats  of  extensive  caries 
or  necrosis  ;  the  carotid  and  facial  canals  may  be  opened  or  broken 
up  ;  and  the  mischief  may  spread  to  the  labyrinth  and  to  the 
jugular  fossa.  The  process  has  been  known  to  extend  to  the 
external  meatus  and  the  auricle.  Dr.  Bezold§  has  collected  the 
statistics  of  185  cases  of  aural  disease  associated  with  scarlatina. 
Among  these   there   were  thirty  in  which    the   tympanic   n:em- 

*  Sam 7)1 1.  Kiln.   ]'ortrdf/c,  p.  182. 

t  ArcJiives  of  Otology,  vol.  xii.  p.  264  ;  vol.  xx.  p.  57. 

X  Ihid,,  vol.  XX.  p.  53. 

§  ArcMvfilr  Ohrenhcilkunde,  vol.  xxi. 
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l)rane  wari  entirely  destroyed  and  one  or  more  ossicles  lost ;  in 
fifty-nine,  there  was  destruction  of  at  least  two-thirds  of  the 
membrane. 

Symptoms. — Diphtheritic  inflammation  of  the  tympanum  gener- 
ally affects  both  sides  at  the  same  time  and  extends  to  the  cavity 
from  the  throat.  The  first  symptoms  are  more  or  less  severe  pain, 
and  high  fever.  Deafness  is  likewise  present ;  but  the  patient 
soon  becomes  dull  and  apathetic,  and  the  state  of  partial  uncon- 
sciousness is  interrupted  only  by  short  periods  of  restlessness  and 
excitement.  If  it  be  possible  to  examine  the  ear,  the  tympanic 
membrane  is  found  to  be  of  a  dusky  bluish-red  colour  and  much 
swollen,  o  that  not  even  the  short  process  of  the  malleus  can  be 
distinguished.  This  condition  of  the  membrane  probably  explains 
the  frequent  absence  of  perforation.  On  the  other  hand,  the 
structures  within  the  tympanum  rapidly  become  disorganised ; 
the  ossicles  and  the  structures  connecting  them  together  are 
rapidly  involved.  In  diphtheria  associated  with  scarlatina,  the 
tympanic  membrane  soon  gives  way,  and  is  often  completely 
destroyed ;  the  secretion,  at  first  scanty  and  sero-purulent,  becomes 
copious  and  thicker,  and  contains  epithelial  shreds  and  portions 
of  diphtheritic  membrane.  Facial  paralysis  is  not  uncommon,  and 
may  afiect  both  sides  ;  it  is  generally  due  to  destruction  of  the 
walls  of  the  aqueduct  of  Fallopius.  The  process  is  very  apt  to 
extend  to  the  labyrinth,  with  total  deafness  as  a  result  of  the 
destruction  of  the  nervous  tissue.  A  similar  condition  more  often 
follows  the  disintegration  of  the  sound-conducting  apparatus  ;  and 
young  subjects,  if  life  be  preserved,  are  very  liable  to  become 
deaf-mutes.  Extension  to  the  external  meatus  has  been  already 
referred  to.  The  auricular,  submaxillary,  and  cervical  glands 
are  always  more  or  less  swollen. 

In  non-fatal  cases,  the  suppuration  and  purulent  discharge 
may  continue  for  several  months.  Even  if  the  secretion  should 
cease,  the  perforation  in  the  tympanic  membrane  very  rarely  heals. 
Cranial  complications^ — e.7.,  meningitis,  cerebral  abscess,  and 
thrombosis  of  the  sinuses — ma}-  set  in  during  the  suppurative 
stage,  and  end  rapidly  in  death. 

Prognosis. — This  is  always  bad,  for  even  in  comparatively  mild 
cases,  more  or  less  structural  damage  is  certain  to  remain  in  the 
tympanum.  The  prospect  is  worse  in  all  respects  among  children; 
the  risk  of  deaf-mutism  has  been  alreadv  alluded  to.  and  if  this 
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be  avoided  the  dangers   attendant  upon  chronic  suppuration  are 
always  present.      The  treatment  will  be  subsequently  described. 

OTITIS  MEDLY  DUE  TO  SCARLATINA. 

Verv  severe  forms  of  acute  middle-ear  inflammation  are  not 
infrequently  developed  in  the  course  of  scarlatina ;  statistics  show 
that  about  5  per  cent,  of  all  diseases  of  the  ear  owe  their  origin 
to  the  latter  complaint.  The  frequency  of  the  complication  is  due 
to  the  association  of  pharyngeal  diphtheria  ^^-ith  the  scarlatina,  the 
diphtheritic  process  extending  along  the  Eustachian  tube  to  the 
t}-mpanum.  On  the  other  hand,  scarlatina  running  its  course 
without  any  trace  of  diphtheria  in  the  throat  may  be  complicated 
by  severe  purulent  inflammation  of  the  middle  ear. 

The  frequency  with  which  ear-afi*ections  occur  during  scarla- 
tina varies  in  diflerent  epidemics.    In  two  small  outbreaks  recorded 
by  Burckhardt-Merian.*  there  were  thirteen  cases   of  middle-ear 
disease  among  fifry-one  patients.    The  aural  symptoms  are  usually 
developed  when  the  throat  affection  is  at  its  worst :  but  in  some 
patients,  they  do  not  set  in  until  the  desquamative  stage  has  been 
reached.     They  consist  of  violent  pain  in  the   ears,   increase  of 
temperature    (which   may   rise    as   high   as   10^'),   deafness,   and 
swelling'  of  the  auricular,  submaxillary,  and  cervical  glands.     The 
mastoid  process  is  sometimes  painful  and  tender  on  percussion. 
In    children   delirium    and    convulsions    are     very    apt    to    occur. 
Rapid  and  extensive  destruction  of  the  membrana  tympani  is  the 
characteristic    feature    of    middle-ear   inflammation    complicating 
scarlatina.     'VMien  the  affection  occurs  in  the  desquamative  stage, 
its   onset   is   accompanied  by  distinct    elevation    of  temperature, 
sometimes  preceded  by  rigors.    The  fever  comes  on  in  the  even- 
incr.  and  remits  during  the  morning ;  the  pain  is  apt  to  extend 
to  the  face,  along  the  second  and  third  divisions  of  the  fifth  pair. 
After  perforation  has  taken  place,  the  fever  and  the  local  symptoms 
usuallv  subside:    on  examining  the   ear,   shreds   of  diphtheritic 
membrane   can   sometimes  be  detected  in  the   deep  part  of  the 
meatus,  and  haemorrhage  is  apt  to  occur  when  attempts  are  made 
to  remove  them.     The  discharge  is   at  first  slight  ;  but   it   soon 
becomes  copious,  dark-coloured,  and   offensive.     The  perforation 

*   Te/Afr  den    Scharlach   in  seinen  Btz'ieliungen   zum    Gelibrorgan,  Volkmann's 
**  Sammlung,"  No.  182. 


534  LOCAL  AND  GENERAL  AFFECTIONS. 

is  always  large ;  sometimes  the  membrane  is  wholly  destroyed, 
and  after  separation  of  the  shreds,  the  inner  wall  of  the  tympanum 
and  portions  of  the  ossicles  come  into  view.  Months  may  elapse 
before  the  discharge  ceases ;  granulations  are  apt  to  form  in  the 
t^'mpanum,  on  the  remains  of  the  membrane,  and  even  in  the 
external  meatus. 

Serious  impairment  of  hearing  is  the  almost  invariable  result 
of  this  form  of  middle-ear  suppuration.  In  eighty-five  cases, 
observed  by  Burckhardt-Merian,  eighteen  were  totally  deaf  on  one 
or  both  sides,  while  three  others  became  deaf-mutes.  Statistics 
collected  from  various  institutions  show  that  10  per  cent,  of  all 
cases  of  deaf-mutism  originate  in  scarlet  fever.  The  loss  of 
hearing-power  is  not  always  due  to  suppurative  processes  in  the 
middle  ear  ;  it  may  also  be  caused  by  adhesions  and  indurations 
of  the  fenestral  structures,  and  by  lesions  of  the  auditor}^  nerve. 
The  risk  of  extension  to  the  cranial  contents  is  another  element 
of  danger.  Such  complications  as  meningitis,  cerebral  abscess, 
phlebitis  of  the  sinus,  and  facial  paralysis,  are  not  infrequent 
results  of  middle-ear  inflammation  due  to  scarlatina. 

Treatment  of  Middle-ear  Inflammation  caused  by  Diphtheria  or 
Scarlatina. — The  complaint  is  of  a  very  serious  character,  and 
requires  very  careful  treatment.  When  the  throat  is  the  seat  of 
diphtheritic  patches,  the  application  to  the  diseased  spots  of  a 
10  per  cent,  alcoholic  solution  of  salicylic  acid  is  the  treatment 
which  Burckhardt-Merian  found  to  be  the  most  efficacious.  The 
application  is  made  by  means  of  a  cotton-wool  holder,  the  little 
ball  of  cotton  being  thoroughly  saturated  with  the  solution.  A 
suitably  curved  holder  is  used  to  apply  the  same  remedy  to  the 
naso-pharynx  and  posterior  nares,  the  object  being  to  prevent  the 
extension  of  the  process  to  the  Eustachian  tubes,  and  to  disinfect 
the  parts  as  far  as  possible. 

In  adults  suffering  from  pharyngeal  diphtheria,  an  antiseptic 
lotion  should  always  be  applied  through  the  nostrils  by  means  of 
a  spray-producer  {see  page  249,  and  also  note  on  page  250  the 
objection  to  the  employment  of  a  douche).  It  is  absoluteh- 
necessary  whenever  scarlatina  is  accompanied  by  swelling  and 
obstruction  to  respiration  in  the  nasal  passages,  and  by  symptoms 
of  nasal  catarrh.  The  object  of  the  lotion  is  to  cleanse  and 
disinfect  the  nose  and  naso-pharynx;  a  syringe  is  sometimes 
employed  for  the  same   purpose,  but   if  any  amount  of  force  be 
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used,  the  fluid  injected  is  apt  to  be  driven  into  tlie  Eustachian 
tubes. 

The  spraj'-producer  should  be  used  several  times  daily,  its 
frequency  being  determined  by  the  severity  of  the  case.  At  the 
same  time  the  throat  should  be  frecpiently  painted  \\ith  an 
antiseptic  lotion.  The  following  formula  is  suitable  : — 1^  Ac. 
Sulphuros.  ovj.,  Ac.  Carbolic.  oSS.,  Acp  Destil.  ad  giij.     M. 

As  a  matter  of  course  the  spray-producer  cannot  always  be 
used  for  young  children,  and  for  such  patients  an  attempt  must 
be  made  to  aj^ply  an  antiseptic  solution  to  the  naso-phar^-nx 
and  anterior  nares  by  means  of  a  cotton-wool  holder.  In  treat- 
ing infants,  sulphur,  in  the  form  of  a  fine  powder,  may  be  applied 
to  the  nose  and  naso-pharynx  b}'  means  of  an  insufflator. 

In  addition  to  applying  local  remedies  to  the  mouth  and  naso- 
pharynx, bags  of  ice,  of  a  suitable  form,  should  be  kept  in  contact 
with  the  anterior  part  of  the  throat,  from  one  mastoid  region  to 
the  other.  Great  relief  is  often  soon  experienced,  and  doubtless 
results  from  the  diminution  of  the  congestion  in  the  naso-pharynx, 
and  a  corresponding  influence  upon  the  mucous  membrane  of  the 
tympanum.  At  first,  continuous  application  of  the  ice  is  desirable  ; 
but  afterwards,  when  the  fever  shows  morning  remissions,  the  ice 
should  be  reserved  for  exacerbations,  and  withdrawn  ^\'hen  these 
are  at  an  end.  Ice  may  be  freely  given  to  the  patient  to  suck  ;  it 
will  aid  in  relieving  the  throat-symptoms. 

If,  in  spite  of  treatment,  the  ear  has  become  seriously  affected, 
and  on  examination  it  is  found  that  the  membrane  has  been 
destroyed,  and  the  meatus  is  filled  with  diphtheritic  shreds, 
Burckhardt-^Ierian's  practice  was  to  remove  as  much  as  possible 
•of  the  latter  by  the  aid  of  a  polypus-snare  or  curette,  and  then  to 
apply  a  10  per  cent,  solution  of  salicylic  acid,  or  the  same  remedy 
in  very  fine  powder.  These  applications  are  apt  to  cause  pain  ; 
but  in  the  course  of  a  week  the  diphtheritic  process  will  cease, 
and  the  parts  will  speedily  assume  a  healthy  appearance.  Closure 
of  a  perforation  is  a  not  infrec|uent  result  of  this  treatment, 
properh^  carried  out.  In  cases  in  which  the  diphtheritic  mem- 
brane is  already  in  process  of  detachment,  and  suppuration  is 
profuse,  boric  acid  (1  to  2  teaspoonfuls  to  half  a  pint)  should  be 
used,  as  an  injection,  three  times  daih'.  Another  and  a  more 
powerful  remedy  in  these  cases  is  carbolic  acid,  a  drachm  of 
which   may    be  mixed    with    ten    ounces  of  water.     Other   anti- 
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septic  remedies,  advocated  by  some  authorities,  are  resorcin 
(2  per  cent,  solution)  ;  ozonic  ether  and  papain  as  a  pigment  or 
spray  (5 — 10  per  cent.).  Several  German  authorities  recommend 
the  solution  of  acetate  of  aluminium  of  the  German  Pharmacopoeia 
(2^  per  cent,  with  water).  A^  a  matter  of  course,  constitutional 
treatment  must  be  adopted  throughout  the  progress  of  the  case. 
The  treatment  should  be  continued  until  suppuration  lias  entirelv 
ceased  :  it  is  only  by  constant  attention  that  the  risk  of  serious 
complications  can  be  averted.  It  must  never  be  forgotten  that 
otorrhoea  due  to  scarlatina  is  a  very  dangerous  complaint,  by 
reason  of  the  consequences  only  too  likely  to  follow. 

After  suppuration  has  ceased,  the  ear  must  be  protected  from 
injurious  influences  of  all  kinds,  and  especially  from  draughts  of 
cold  air,  moisture,  and  dust.  The  danger  of  a  relapse  is.  of  course, 
greater  in  cases  of  permanent  perforation  :  such  patients  should 
always  keep  a  plug  of  absorbent  cotton-wool  in  the  meatus,  and 
when  ^^'ashing  the  part  should  be  careful  not  to  allow  any  water 
to  reach  the  tympanum.  Should  any  discharge  reappear,  recourse 
must  be  at  once  had  to  the  insufflation  of  powdered  boric  acid, 
and  if  this  should  fail,  rectified  spirit,  at  first  more  or  less  diluted, 
should  be  instilled  into  the  meatus  every  second  or  third  day. 
This  last  remedy  is  especially  indicated  when  there  is  a  tendency 
to  moist  desquamation. 


DISEASES  OF  THE  EAE    OCCUEliING    DURING  THE  COURSE 

OF  MEASLES. 

Recent  observations  have  proved  that  the  ear  is  more  often 
affected  in  cases  of  measles  than  had  generally  been  supposed.  It 
would  appear  that  all  forms  of  the  disease,  whether  mild  or  severe, 
are  liable  to  be  accompanied  by  aural  complications  which  may 
occur  at  anv  stage  and  may  aftect  any  part  of  the  organ  of 
hearino-. 

Statistics  show  that  the  aural  complications  occur  in  about 
4  per  cent,  of  all  cases  of  measles ;  but  there  are  great  varia- 
tions during  different  epidemics.  Among  forty. cases  of  measles 
attended  by  complications.  Tobeitz*  found  disease  of  the  ears  in 
sixteen  patients,  and  in  nineteen  among  twenty-two  fatal  cases. 

*  Archil- f.  Kiyiderheilkunde,  vol.  viii.  p.  32L 
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The  symptoms  occurring  in  the  ears  are  for  the  most  part  as. 

follows : — 

At  the  beginning  of,  or  during  the  desquamation  stage,  the 
patients,  usually  children,  complain  of  a  sudden  and  violent 
pricking  and  deep-seated  pain  in  the  ear,  generally  on  one  side. 
There  may  be  no  febrile  symptoms,  but  in  some  cases  there  are 
signs  of  throat-catarrh.  On  examination,  the  tympanic  membrane 
appears  either  reddish-grey  and  shining,  or  flattened  or  perhaps 
bulged  out,  dull,  pale,  greyish-red,  or  decidedly  reddish,  unless 
exudation  has  taken  place  into  its  structure  ;  the  radiating  vessels 
are  branched  and  injected.  The  general  appearances  are  those  of 
tubal  and  tympanic  catarrh,  and  acute  catarrhal  inflammation  of 
the  middle  ear.  The  function  of  the  part  is  but  little  aff'ected. 
Under  suitable  treatment  with  gargles  and  inhalations,  the  pro- 
cess often  comes  to  a  standstill,  without  the  formation  of  secretion. 
Sneezing  should  be  avoided  as  much  as  possible.  In  some  cases, 
there  is  a  decided  tendency  to  relapses,  during  which  symptoms  of 
a  more  acute  type  are  prone  to  set  in.  Very  severe  pain  is  then 
experienced  ;  the  tympanic  membrane  is  covered  with  swollen, 
\\-hitisli  shreds  of  epithelium,  and,  when  visible,  is  seen  to  be 
dull  red  or  greyish  in  colour.  Febrile  symptoms  are  more  or 
less  prominent,  and  the  hearing-power  is  decidedly  lessened. 

Perforation  of  the  membrane  occurs  on  the  third  or  fourth 
day,  when  the  pain  usually  subsides.  In  a  small  proportion  of 
cases,  less  frequently  than  in  scarlatina,  the  aural  complication 
is  unattended  by  any  marked  symptoms. 

The  opening  is  generally  situated  in  the  anterior  inferior- 
quadrant  of  the  membrane,  and  is  often  indicated  by  a  pulsating 
reflection  of  light  over  a  small  area.  If  the  somewhat  abundant 
secretion  be  removed  with  cotton-wool,  a  minute  op>ening,  perhaps 
as  large  as  a  pin's  head,  appears  as  a  black  spot.  In  most  cases 
the  aperture  does  not  increase  in  size,  but  occasionally  rapid 
destruction  takes  place  in  the  membrane,  and  sometimes  a  second 
or  even  a  third  perforation,  with  a  similar  tendency  to  increase  in 
size,  is  speedily  developed.  In  exceptional  cases,  the  membrane 
is  almost  entirely  destroyed  ;  but  in  the  majority  the  progress  is 
favourable,  and  cicatrisation  takes  place  in  from  two  to  five  weeks. 

The  development  and  course  of  the  aural  disease  present 
occasional  variations.  Sometimes  the  local  affection  precedes  the 
outbreak  of  the   o'eneral    disorder,    and  tends  to    make  the   real 
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nature  of  tlie  case  somewhat  obscure.  If  there  be  no  previously 
existing  throat-complication,  the  aural  disease  must  be  regarded  as 
due  to  the  general  infection,  and  analogous  to  those  evidences  of 
disorder  of  the  respiratory  and  intestinal  tracts  which  often 
precede  the  cutaneous  manifestations.  In  another,  but  less 
numerous  class  of  cases,  the  ear-affection  comes  on  when  the 
eruption  is  at  its  height. 

As  in  cases  due  to  other  causes,  local  complications  are  occa- 
sionally superadded.  Thus,  the  inflammatory  process  may  spread 
to  the  mastoid  cells  and  to  the  periosteum.  The  antrum  is  some- 
times filled  with  pus,  and  acute  caries,  with  or  without  necrosis, 
may  affect  the  walls  of  the  tympanic  cavity,  the  ossicles,  and  parts 
of  the  mastoid  portion,  and  cause  rapid  destruction.  Symptoms 
of  meningeal  irritation  and  epidural  abscesses  are  occasional 
results.  The  osseous  lesions  are  for  the  most  part  of  a  secondary 
character ;  they  are  most  liable  to  occur  when  the  perforation  is 
small  and  unfavourably  situated  for  the  escape  of  discharge. 
Their  advent  is  likewise  favoured  by  the  presence  of  constitutional 
disorders — e.g.,  scrofula  and  tuberculosis. 

Chronic  suppurative  disorder  may  follow  an  acute  stage,  and 
be  attended  by  the  complications  already  discussed.  The  develop- 
ment of  polypous  growths  is  not  infrequent. 

Croupous  and  descjuamative  processes  may  occur  in  the  ear 
during  the  course  of  measles.  The  general  symptoms  are  then 
always  serious,  and  one  or  both  external  auditor}^  canals  are  filled 
up  with  tough  white  membrane,  which  can  be  more  easily 
•detached  than  that  of  diphtheria,  and  soon  re-appears.  In  such 
cases  the  discovery  of  a  small  perforation  may  prove  very 
difficult. 

Mention  must  be  made  of  those  cases  in  which  the  results  of 
measles  are  confined  to  the  auricle  and  meatus,  and  take  the  form 
either  of  circumscribed  or  of  diffused  inflammation.  These  are 
mostly  seen  when  the  eruption  is  ver}^  marked,  and  papules  are 
somewhat  prominent.  The  latter  form  largish,  bluish-red 
elevations  in  the  meatus,  and  if  they  become  confluent  may 
cause  a  severe  sensation  of  tension,  which  passes  off  as  desqua- 
mation sets  in.  Gangrene  of  the  auricle  has  been  observed  in  two 
cases  of  this  kind. 

Localisation  of  the  morbid  process  in  the  labyrinth  occurs  in 
another  series  of  cases.     This  complication  is  of  serious  import ; 


DISEASES  OF  EAR  DUIUXG  MEASLES.  539 

the  tympanum  may  be  very  slightly  affected,  transient  hypera?mia 
of  the  membrane  may  be  all  that  is  noticed.  There  is.  ho\vever, 
more  or  less  pain,  marked  disorder  of  equilibrium,  and  very 
troublesome  tinnitus.  After  these  symptoms  have  lasted  for  a 
few  days  or  even  hours,  hearing-power  is  found  to  be  much 
impaired  on  one  or  both  sides,  or  even  altogether  lost.  So 
serious  a  complication  seldom  occurs  in  cases  of  measles  ;  the 
prognosis  is  extremely  unfavourable.  Among  147  cases  of  deaf- 
mutism  examined  by  Dr.  Roosa,*  in  seven  instances  measles  was 
iissigned  as  the  cause. 

The  pathology  of  these  cases  has  been  carefully  studied  by 
Dr.  S.  Moos,t  of  Heidelberg,  who  discovered  various  histological 
changes  in  the  labyrinth.  In  one  class,  these  were  due  to  a 
purely  mechanical  condition — ejj.,  coagulation  of  lymph,  aggre- 
gation of  lymphoid  cells,  either  isolated  or  in  numerous  groups 
occupying  the  semi-circular  canals  and  ampullae,  the  inner  cavities 
of  the  utriculus  and  sacculus,  the  vestibule,  etc.  Tortuosity  and 
engorgement  of  the  blood-vessels  in  the  petrous  bone  were  other 
marked  changes,  and  this  "  globular  stasis  "  resulted  in  a  general 
thrombosis  which  extended  through  the  entire  labyrinth.  The 
stapedius  muscle  was  in  a  state  of  partial  degeneration.  The 
coagulation  of  lymph  and  the  other  changes  were  connected  with 
the  presence  of  micro-organisms,  in  the  forms  of  monococci, 
•diplococci,   and  tetracocci. 

The  following  statements  seem  justifiable  with  regard  to  the 
origin  of  ear-complications  in  connection  with  measles  : — 

The  middle-ear  inflammation  may  be  the  result  of  exanthe- 
matous  eruption,  or  may  be  produced  by  irritants  brought  thither 
by  the  current  of  blood.  In  another  series  of  cases,  the  aural 
•disease  is  propagated  from  the  nose  or  naso-pharynx. 

Assuming  that  the  changes  in  the  labyrinth  are  due  to  micro- 
organisms, it  may  be  supposed  that  the  necrosis  of  tissue  is  either 
the  indirect  or  the  direct  result  of  their  presence.  They  cause 
fatty  degeneration  of  the  endothelium  of  the  vessels  and  conse- 
quent thrombosis,  which,  in  its  turn,  leads  to  grave  disorder  of 
nutrition,  and  even  death  of  the  affected  part.  The  microbes 
likewise  directly  destroy  the  tissues  which  they  invade,  and  this 

*  Archives  of  Otology,  vol.  xiii.  p.  70,  and  Treatise  on  Diseases  of  the  Ear, 
■7th  Edit.  p.  707. 

f  Ihid..  vol.  xviii.  p.  49. 


54-0  LOCAL  AND  GEXP:RAL  AFFECTIONS. 

effect  is  particidai'ly  manifested  in  the  nervous  structures.  The 
trunk  of  the  auditor}^  nerve  is  still  further  destroyed  as  a  result 
of  haemorrhage  caused  by  necrosis  of  the  vessels,  and  the  process 
may  be  so  extensive  as  to  account  for  the  total  deafness.  In  only 
a  ver}'  few  cases  is  the  loss  of  function  temporary  in  its  character. 
In  such  instances,  when  hearing  is  restored  after  two  or  three 
weeks,  it  may  be  inferred  that  central  changes  were  the  cause  of 
the  deafness. 


MUMPS  AND  DISEASES  OF  THE  EAFt. 

Disorder  of  hearing  has  been  occasionally  noticed  in  connec- 
tion with  parotitis  ;  but  the  manner  in  which  the  ear  is  attacked 
remains  doubtful  ;  in  some  of  the  cases,  the  tympanum  ^^'as  the 
part  involved  in  the  lesion.  Toynbee^^  pointed  out  the  connection 
between  mumps  and  deafness,  and  supposed  that  the  latter  was 
due  to  some  affection  of  the  auditory  nerve.  "  As  a  general  rule, 
no  appearance  of  disease  can  be  detected  in  the  meatus,  mem- 
brana  tympani.  or  tympanic  cavit3^"  Hinton  regarded  the  sequela 
as  a  somewhat  common  one ;  but  the  experience  of  most  surgeons 
is  probably  to  the  contrary  effect.  Hinton's  words  are,  '"  Xext,  or 
perhaps  equal  in  frequency  to  scarlatina,  in  this  respect,  stands 
mumps,  which  has  an  effect  on  the  nervous  apparatus  of  the  eai' 
which  has  as  yet  received  no  explanation,  and  affords  no  clue  to 
the  use  of  remedies,  every  part  of  the  ear  being  normal,  so  far  as 
examination  can  extend,  but  the  function  is  almost  abolished." 
Sir  W.  Dalby  says  that  mumps  must  be  included  among  the 
causes  that  induce  deaf-mutism,  and  that  on  many  occasions  he 
has  known  partial  or  total  deafness  to  take  place  during  an  attack 
of  mumps.  On  the  other  hand,  Politzer  makes  no  reference  to  this 
disease  as  a  cause  of  deafness.  It  would  appear  that  disease  of 
the  middle  ear  is  not  infrequenth'  associated  with  the  labyrinthine 
disorder.  When,  apparently,  the  labyrinth  alone  is  affected,  the 
deafness  may  be  on  one  or  both  sides,  and  is  generally  complete 
and  incurable.  Gruber  records  a  case  in  which  the  swelling  of 
the  gland  was  relatively  very  slight ;  but  on  the  third  day,  the 
patient,  a  boy  ten  years  of  age,  became  totally  deaf  on  both 
sides,    and  was  not  relieved  by  any  treatment.     The  case  was  a. 

*  Diseases  of  the  Ear,  p.  36L 
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sporadic  one,  and  all  the  symptoms  were  of  the  mildest  descrip- 
tion. Such  cases  are  explained  by  assuming  a  process  of  meta- 
stasis, and  are  compared  with  those  in  which  inflamuiation  occurs 
in  the  testes  and  breasts.  Various  substances  may  enter  the 
circulation,  and  cause  obstructions  and  secondary  disturbances  in 
organs,  such  as  the  labyrinth,  with  complicated  circulatory 
apparatus,  particularly  when  the  escape  of  blood  is  in  any  way 
hindered.  In  typical  cases,  the  complete  deafness,  its  rapid 
occurrence,  the  absence  of  marked  symptoms  of  middle-ear 
disease,  and  the  disturbances  of  equilibrium  which  may  continue 
for  weeks  or  months  afterwards,  tend  to  prove  that  the  lesion  is 
situated  in  the  labyrinth. 

Dr.  Brunner,*  of  Zurich,  arrives  at  the  following  conclusions 
with  regard  to  deafness  after  mumps  :  (1)  The  nervous  deafness 
after  mumps  may  be  unilateral  or  bilateral,  the  former  being  more 
frequent.  (2)  It  is  complete,  and,  according  to  past  experience, 
incurable.  (3)  It  developes  rapidly  (that  is,  in  a  few  da^^s)  with 
vertigo  and  subjective  noises,  the  latter  symptoms  lasting  a  long- 
time. (4)  There  is  little  or  no  fever,  and  pain  is  very  seldom 
complained  of,  and  consciousness  is  not  lost.  (5)  The  complica- 
tion is  noticed  in  children  and  in  adults,  and  would  seem  to  be 
more  frequent  in  the  latter.  Cases  of  bilateral  deafness  from 
mumps  have  been  recorded  by  Drs.  Moosf  and  Knapp.J 

According  to  Dr.  Haug  the  deafness  and  other  aural  S3'm- 
ptoms  occasionally  precede  the  local  pain  and  swelling,  and  may 
then  be  regarded  as  the  evidences  of  general  infection.  In  most 
cases,  however,  the  aural  symptoms  are  developed  either  between 
the  third  and  eighth  day  of  the  complaint,  or  as  the  latter  subsides. 
The  deafness  comes  on  suddenly  and  rapidly  increases  ;  it  is 
usually  accompanied  or  closely  followed  by  tinnitus,  giddiness, 
pain  in  the  forehead  or  occiput,  and  nausea.  The  joatient  staggers 
on  attempting  to  walk ;  but  there  is  no  loss  of  consciousnes. 
Pain  may  be  altogether  absent,  and  when  present,  it  may  last 
onl}^  a  few  hours. 

The  degree  of  febrile  movement  varies ;  the  temperature  is 
likely  to  be  high  if  the  otitis  occur  at  an  early  period.  Both  ears 
may  be  simultaneously  or  successively  affected;  but  the  symptoms 

*  Archives  of  Otolofj;/,  vol.  xi.  p.  102. 
t  Ibid.,  vol.  xi.  p.  12. 
+  Ibid.,  vol.  xi.  p.  385. 
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are  not  infrequently  confined  to  one  ear,  and  the  right  is  more 
prone  to  suffer  than  the  left.  The  same  difference  is  observed  in 
the  case  of  the  testicles. 

On  examination,  the  tjanpanic  membrane  and  cavity  are  found 
normal ;  but  there  is  absolute  deafness  for  sounds  and  notes  of  all 
kinds.  Bone-conduction  also  is  totally  lost.  The  deafness  is 
often  permanent,  though  the  other  symptoms  may  gradually 
disappear.  Deaf-mutism  is  sometimes,  though  rarely,  attributable 
to  mumps.  Among  147  cases,  two  were  said  to  have  been  caused 
by  the  latter  affection  (Roosa). 

Besides  this  purely  nervous  lesion,  exudative  and  suppurative 
middle-ear  disorders  may  occur  during  the  course  of  mumps.  In 
these  cases,  the  infectious  material  may  be  supposed  to  travel  from 
the  gland  to  the  mouth,  and  thence  through  the  Eustachian  tube 
to  the  ear,  where  it  gives  rise  to  acute  inflammation.  The  laby- 
rinth is  seldom  affected. 

According  to  Gruber,*  the  inflammation  may  take  another 
course,  and  reach  the  ear  through  the  Glaserian  fissure ;  in  those 
rare  cases  in  which  abscess  forms  in  the  gland  the  matter  may,  of 
course,  pass  direct  into  the  ear. 

The  aural  complications  in  these  latter  cases  are  easily 
explained ;  but  the  case  is  different  ^^'ith  regard  to  the  purely 
labyrinthine  disorders  connected  with  mumps,  and  at  least  two 
different  views  are  held  as  to  their  origination.  The  first  regards 
the  inflammation  of  the  parotid  gland  as  a  local  disease,  and  the 
development  of  the  processes  in  other  organs  as  the  results  of 
extension  or  of  metastasis.  According  to  the  second  view  mumps 
is  a  general  disorder,  ^^'hich  may  localise  itself  in  various  parts  of 
the  bod}'.  The  affection  of  the  internal  ear,  possibly  amounting 
in  its  final  stage  to  atrophy  of  the  auditory  nerve,  may  be  regarded 
as  the  direct  local  effect  of  the  general  infection,  just  as  occurs  in 
the  testicles,  ovaries,  breasts,  kidneys,  and  prostate  gland.  These 
parts,  however,  diff*er  from  the  ear  in  being  glandular  organs. 

We  must  suppose  that  the  blood  contains  a  specific  virus, 
perhaps  like  the  monadina  of  malaria,  connected  with  the  blood- 
corpuscles,  or  some  other  micro-organism,  and  that  this  passes 
into  the  internal  ear  and  sets  up  a  plastic  or  exudative  inflamma- 
tion. The  products  thus  formed  do  not  become  absorbed,  but  are 
converted  into  connective  tissue  extending  between  the  end-organs 
*    JFiener  JfcrJ.  Ziifschrift,  1884,  pp.  4—6. 
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of  the  nerves  and  the  parts  around,  and  inducing-  atrophy  of  tlie 
sentient  stmctures. 

Another  explanation,  suggested  by  Urbantschitsch/-'  is  to  the 
effect  that  the  changes  in  the  labyrinth  are  due  to  reflex  action. 
The  irritation  of  the  fibrils  of  the  fifth  nerve  contained  in  the 
o'land  is  conveved  to  the  labvrinth.  This  author  has  seen  two 
cases  of  deafness  consequent  upon  inflammation  of  the  sub- 
maxillarv  o'land.  In  one  of  these  the  deafness,  after  lastino- 
four  years,  subsided  for  a  few  weeks,  and  then  recurred  and 
remained  unaffected  by  treatment. 

Prof.  Schwartze'sf  view  is  that  all  the  local  disorders,  in- 
cluding those  of  the  labyrinth,  which  occur  in  mumps  are  due 
to  the  migration  of  a  specific  micro-organism,  the  exact  nature 
of  which  has  not  as  vet  been   definitelv  ascertained. 
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During  the  recent  epidemics  of  influenza  various  forms  of 
aural  diseases  have  been  noticed  as  complications  of  the  general 
affection  in  a  small  proportion  of  cases.  These  forms  may  be 
classified  under  four  heads  : — 

1.  Cases  characterised  by  swelling  and  hyperemia  of  the 
mucous  membrane  of  the  middle  ear,  with  scarcely  any  or  very 
little  loss  of  function. 

2.  Cases  in  which  the  symptoms  are  pain  in  the  ear,  fever, 
diffused  redness  and  exudation  in  the  tympanum  and  redness  of 
the  membrane,  with  more  or  less  secretion,  at  first  sero-mucous 
and  afterwards  sero-purulent  in  character. 

3.  The  purely  hsemorrhagic  form,  and  the  one  most  typical  of 
its  origin.  Either  the  t3'-mpanic  cavity  or  the  surface  of  the 
membrane  may  be  the  source  of  the  haemorrhage,  which  may 
continue  at  intervals  during  several  weeks.  The  bleeding  in 
some  cases  is  preceded  by  the  formation  of  hasmorrhagic  vesicles. 
PolitzerJ  observed  several  cases  in  which  such  vesicles  were 
developed  on  the  tympanic  membrane.  They  have  also  appeared 
in  the   external  meatus. §     {See  page   184.) 

*  Lehrhuch  dcr  OhrenJieilkitnde,  III.  Aufl.  S.  436 
t  Handlmch  der  OhrenheWiwidc,  I.  Band.  S.  585. 
X    Wiener  Klin.  Woch.,  1890,  No.  10. 
§  Archives  of  Otology,  vol.  xx.  p.  197. 
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■L  The  fourtli  form  is  characterised  by  severe  purulent  inflam- 
mation of  the  middle  ear,  and  the  process  is  very  apt  to  extend  to 
the  mastoid  cells  ;  this  portion  of  the  bone  is  often  painful  on  the 
first  or  second  day  of  the  disease.*  Politzer  noticed  mastoid 
symptoms  in  eighteen  out  of  13  i  cases. 

In  some  cases  of  influenza  the  symptoms  point  to  disorder  of 
the  labyrinth,  as  in  two  instances  recorded  by  Dr.  Moos.f  In  one 
of  these  the  symptoms  were  those  of  Meniere's  disease  ;  in  the 
other,  that  of  a  man  twenty-five  years  of  age,  there  was  sudden 
rupture  of  the  tympanic  membrane,  with  escape  of  blood,  but 
without  giddiness.  Hearing  was,  however,  totally  lost,  and  it  was 
inferred  that  hemorrhage  had  likewise  taken  place  into  the 
cochlea. 

It  must  be  observed  that  these  disorders  of  the  tympanum  may 
either  be  preceded  by  affections  of  the  naso-pharynx  or  may  be 
developed  spontaneoush',  i.e.,  through  the  blood  as  the  channel  of 
infection.  That  this  latter  is  the  source  of  origin  in  man}^  cases  is 
made  probable  by  the  fact  that  the  marked  aural  sjmiptoms  may 
occur  at  a  very  early  period,  either  simultaneously  with  the  fever 
or  very  soon  after  its  development. 

The  haemorrhages  are  certainly  peculiar,  though  some  author- 
ities refuse  to  admit  their  special  significance.  In  cases  of 
influenza,  haemorrhage  has  been  observed  to  take  place  from 
mucous  membranes  in  various  parts  of  the  bod}' — e.g.,  the  nose, 
the  bowels,  and  the  female  genital  organs.  That  changes  take 
place  in  the  blood  is  shown  by  the  frequent  appearance  of  a 
yellowish  or  jaundiced  hue  of  the  sclerotic  or  of  the  integument, 
the  diminution  of  haemoglobin,  the  destruction  of  many  red  blood- 
€orpuscles,  and  the  swelling  of  the  spleen.  Other  changes  in  the 
vascular  system  are  due  to  the  effects  of  the  disease  on  the  vaso- 
motor apparatus ;  the  most  noticeable  being  the  alterations  in  the 
blood-pressure  and  the  increased  pei'meability  of  the  capillary 
walls,  a  predisposing  cause  both  of  inflammator}'  processes  and  of 
capillary  thromboses.  It  is  also  possible  that  the  toxines  secreted 
by  the  bacillus  of  influenza  may  cause  necrosis  of  blood- 
vessels, and  thus  play  a  considerable  part  in  the  production  of 
haemorrhages. 

With   regard  to  the  bacteria   present  in   the  ear  in   cases  of 

*  Deutsche  Med.   Woch.,  1890,  No.  12. 

t  Schwartze's  Handhuch  der  Ohrenheilkunde,  S.  582. 
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inflammation  of  the  tympanum  occurring  in  the  course  of 
influenza,  recent  investigations  have  shown  that  no  one  species  is 
exchisively  found,  but  that  several  may  exist  together  or  may 
occur  consecutively.  These  observations  are  similar  to  those 
made  in  luno-aftections  connected  with  the  same  disease.  In 
these  latter,  pneumo-cocci  and  streptococci  are  first  discoverable ; 
but  in  a  later  stage  the  former  are  far  less  in  number  or 
altogether  absent.  They  return,  however,  with  each  exacerbation 
of  the  pneumonic  sj^mptoms.  In  the  ear  the  micro-organisms 
most  abundantly  present  are  the  pneumo-diplococci,  next  the 
streptococcus  pyogenes,  and  lastly  the  staphylococcus  albus  and 
aureus.  Several  of  these  are  not  infrequentl}^  present  at  the 
same  time.  All  of  them  have  been  demonstrated  to  exist  in  the 
secretions  escaping  after  paracentesis,  in  the  discharges  from  the 
ear,  and  in  pure  cultivations.  It  is  no  longer  possible  to  assume 
that  any  one  organism  is  the  cause  of  the  organic  disorders  which 
so  frequently  occur  in  the  course  of  influenza.*  Those  organisms 
which  have  been  discovered  would  appear  to  play  a  secondar}^  part 
in  the  causation  of  the  diseases  in  question. 

In  connection  with  the  recent  epidemic  of  1890-91,  various 
observers  have  published  accounts  of  micro-organisms  which  they 
regarded  as  peculiar  to  influenza.  Klebsf  reports  the  discovery, 
in  the  blood,  in  almost  every  case,  of  a  flagellate  monadina,  a  one- 
celled  organism  executing  marked  zig-zag  movements.  It  more 
or  less  closelj"  resembled  the  haematozoon  found  by  the  same 
authority  in  cases  of  progressive  anasmia,  and  was  obvioush^ 
analogous  to  the  monad  which  Klebs  regards  as  the  true  cause  of 
malarious  disorders.  This  protozoon  is  not  present  in  healthy 
blood,  and  Klebs  obtained  positive  results  by  inoculating  dogs 
with  the  secretions  of  influenza. 

The  presence  of  such  an  organism  appears  to  explain  man}-  of 
the  S3'mptoms  of  the  protean  complaint,  and  especially  the  nervous 
phenomena  which  often  last  for  months,  the  evidences  of  muscular 
exhaustion,  the  profuse  sweating,  and  the  tedious  stage  of  con- 
valescence. It  will  also  furnish  a  clue  to  the  develojDuient  of 
h^emorrhagic  inflammation  in  the  tympanum,  the  disorders  of 
equilibrium,  and  the  loss  of  function. 

*  Monatsschrift  fur  Ohrenhcilkunde,  vol.  xi.  1890,  and  Zeitschrift  fiir  Ohrcnlieil- 
kunde,  vol.  xxii.  p.  146. 

t  Centralblattfiir  Bacteriol.  u.  Farasitcnkunde,  No.  5,  1890. 
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It  may  be  assumed  tliat  tlie  micro-organism  acts  by  causing 
disintegration  of  blood-corpuscles,  and  that  the  resulting  caseous 
masses  produce  temporary  or  even  permanent  capillary  throm- 
bosis. Haemorrhages  into  the  tympanic  cavity  and  membrane 
are  the  consequences  of  the  local  obstruction  in  the  vessels. 
Local  necrosis  becomes  developed,  and  other  pathogenic  organ- 
isms, notably  pneumo-diplococci  and  streptococci,  pass  into  the 
ear.  The  protracted  character  of  the  stage  of  convalescence  is 
accounted  for  by  supposing  that  a  long  period  is  necessary  for  the 
total  removal  of  the  micro-organisms  from  the  blood. 

Still  more  recent  researches  by  Pfeiffer  and  Kitisato,*  in 
Berlin,  have  brought  to  light  another  micro-organism,  which  they 
regard  as  the  source  of  the  influenza  virus.  This  is  an  extremely 
minute  bacillus,  even  smaller  than  the  bacillus  of  mouse  septi- 
caemia; it  is  found  in  the  sputum  when  the  disease  is  at  its 
height,  and  also  in  the  blood,  and  positive  results  have  been 
obtained  from  inoculation  experiments  on  monkeys. 

According  to  Dr.  Haug.  in  the  influenza  epidemic  at  Munich. 
1890-91,  aural  complications  were  recorded  in  about  12  per  cent, 
of  all  cases,  and  were  confined  to  the  catarrhal  and  nervous  forms 
of  the  disease.  They  were  not  noticed  in  the  cases  marked 
by  gastro-enteric  symptoms.  According  to  this  authority,  the 
cases  with  aural  complications  might  be  divided  into  two  classes : 
the  first  containing  those  cases  in  which  the  disease  spread  from 
the  throat ;  and  the  second,  those  in  which  the  aural  infection  was 
the  direct  result  of  the  influenza-poison.  The  first  class  contained 
two  sub-divisions,  characterised  respectively  by  the  mildness  and 
severity  of  the  symptoms  ;  while  the  presence  of  htemorrhagic 
inflammation  and  of  nervous  affections  served,  in  like  manner,  to 
sub-divide  the  second  class. 

The  symptoms  belonging  to  the  first  sub-division  usual!}' 
appear  between  the  third  and  the  eighth  days  of  the  complaint, 
and  consist  in  more  or  less  marked  swelling  and  hypertemia  of 
the  Eustachian  tube,  tympanum,  and  tympanic  membrane.  The 
subjective  symptoms  are  comparatively  slight ;  there  is  more  or 
less  pain,  sometimes  of  a  pricking  character,  in  the  deeper  part 
of  the  ear  and  along  the  tube,  but  there  is  little,  if  any,  change  in 
the  hearing-function.  As  a  general  rule,  the  symptoms  subside 
in  from  one  to  three  weeks. 

*  Deutsche  Med.  JFoch.,  No.  2,  1892. 
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In  the  more  severe  form  symptoms  of  acute  middle-ear  inflam- 
mation become  rapidly  developed.  They  consist  in  pain  in  the 
ear  and  adjacent  parts,  impairment  of  hearing  and  tinnitus,  pul- 
sation in  the  deep  part  of  the  organ,  redness  of  the  membrane  and 
osseous  meatus,  appearances  of  mastoid  inflammation,  and  efi'usion, 
first  sero-mucous  and  then  muco-purulent,  into  the  tympanum. 
Perforation  of  the  membrane  marks  the  next  stage  in  the  process ; 
the  opening  usually  takes  place  in  the  anterior  inferior  segment, 
but  it  is  not  infrequent  in  other  portions,  and  sometimes  occurs 
in  Shrapnell's  membrane.  The  complaint  is  generally  unilateral, 
but  both  sides  may  be  attacked,  either  together  or  in  succession. 

In  most  cases  the  occurrence  of  perforation  is  soon  followed 
b}'  amelioration  of  all  the  symptoms ;  the  fever  subsides  and  the 
pain  abates,  the  patient  is  conscious  of  a  feeling  of  pressure  and 
pulsating  sounds  in  the  ear,  and  of  more  or  less  impairment  of 
function.  Under  ordinary  circumstances  and  proper  treatment 
recovery  is  completed  in  from  three  to  six  weeks. 

It  remains  to  consider  the  second  class  of  cases,  in  which  the 
symptoms  are  much  more  serious.  The  inflammation  is  of  the 
haemorrhagic  t}^e,  and  its  features  are  almost  peculiar  to  influenza. 
The  ear-symptoms*  come  on  while  the  patients  are  suffering  from 
catarrh  of  the  air-passages  or  from  the  phenomena  of  the  nervous 
form  of  the  disorder;  the  throat  is  free  from  any  catarrhal 
changes.  The  patients  are  usually  adults  ;  young  children  appear 
to  escape  this  complication.  The  attack  comes  on  in  the  evening 
or  during  the  night  with  severe  boring  pain  deep  down  in  the 
ear;  this  is  sometimes  preceded  by  epistaxis.  The  pain  rajoidly 
increases  in  intensity,  and  spreads  not  only  to  the  forehead, 
temples,  and  neck,  but  likewise  to  the  thorax  and  upper  extremity 
of  the  affected  side.  Sounds  greatly  aggravate  the  suffering,  the 
evidences  of  which  are  very  marked. 

With  the  pain  the  fever  also  increases,  and  the  loss  of  function 
on  the  affected  side  soon  becomes  complete.  The  membrane  is 
found  to  be  of  a  dull  bluish-red,  or  even  bluish-black  colour, 
convex  externally,  and  marked  with  dots.  In  other  cases  the 
membrane  is  either  dark-red  or  scarlet  in  colour,  and  its  surface 
is  covered  with  tense  ha3morrhagic  vesicles,  f  some  as  large  as  a 

*  See  an  exhaustive  paper  by  Dr.  R.  Haug,  "  Die  Haufigsten  Erkrankungen 
des  Gehtirorganes  bei  Influenza,"  Miinchencr  Med.   Woch.,  1890,  No.  8. 
t  Zeitschrift  fur  Ohrcnhcilkiindc,  vol.  xxii.  p.  145. 
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pin's  head  and  others  larger,  varying  in  colour  from  bluish-  to 
blackish-red  :  sometimes  there  is  one  large  vesicle,  and  the  appear- 
ances are  apt  to  be  most  marked  on  the  posterior  part  of  the 
membrane. 

Haemorrhagic  infiltration  of  the  tj^mpanic  membrane,  without 
affection  of  the  cavity,  is  a  less  common  appearance.  Sometimes 
reddish  or  blackish  ecchymosed  spots  appear  on  a  reddened  or 
almost  normal  membrane. 

In  all  the  varieties  above  described  rupture  of  the  membrane 
soon  occurs,  sometimes  within  a  few  hours,  and  is  followed  by  the 
escape  of  dark-coloured  blood,  either  fluid  or  more  or  less  coagu- 
lated. In  a  small  proportion  of  cases  the  haemorrhage  is  so 
profuse  that  st}^tic  remedies  are  required.  All  the  former 
sjanptoms,  with  the  exception  of  the  deafness,  now  rapidly  sub- 
side ;  and  if  this  course  be  not  observed,  some  complication — e.rj.. 
the  development  of  acute  suppuration — may  be  looked  for.  More 
or  less  purulent  discharge,  however,  usually  succeeds  the  escape  of 
blood,  and  the  symptoms  then  take  the  ordinary  course.  It  is  a 
somewhat  remarkable  fact  that  in  the  later  stages  of  a  given 
epidemic  of  influenza,  the  ear-complications  are  apt  to  be  much 
more  severe  than  at  the  commencement.  The  virulence  of  the 
organism  is  supposed  to  increase  as  time  goes  on. 

The  situation  and  size  of  the  perforation  exercise  a  decided 
influence  upon  the  progress  of  the  case ;  an  opening  in  the 
posterior  superior  segment,  or  in  Shrapnell's  membrane,  and  a 
very  small  orifice  in  an}^  situation,  will  render  the  progress  more 
tedious  and  increase  the  liability  to  complications.  Such  obstacles 
to  the  escape  of  secretion  tend  to  the  development  of  mastoid 
inflammation  and  suppuration  with  their  attendant  dangers  ;  and. 
unless  proper  treatment  be  adopted,  the  mischief  may  spread  to 
the  bones,  and  set  up  caries  and  necrosis,  with  sinus-thrombosis 
or  pyaemia  as  subsequent  results.  Enlargement  of  the  aperture 
in  the  membrane,  a  free  incision  behind  the  ear  down  to  the 
bone,  and  opening  of  the  mastoid  antrum,*  are  the  operative 
measures  likely  to  be  required  in  such  cases.  In  some  instances 
symptoms  of  pyaemia f  are  very  rapidly  developed,  and  terminate 
in  death.  Inflammation  of  the  external  meatus  is  another,  but 
less  frequent,  complication.     It  may,  however,  prove  to  be  severe, 

*  Archivf.  Ohrcnlieilkundc,  vol.  xxxii.  p,  29. 
t  Ihid.,  vol.  XXX.  p.  201. 
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and  lead  to  troublesome  abscesses  in  the  parotid  or  cervical 
regions. 

In  a  ver}^  small  proportion  of  cases  the  aural  complication  is 
of  a  nervous  type.  The  patients  are  usually  free  from  all 
catarrhal  sjTiiptoms,  and  the  troubles  in  the  ear  are  referable 
to  the  sound-perceiving  apparatus.  In  the  mildest  forms  there 
is  simply  more  or  less  hyperaesthesia,  for  notes  of  all  kinds  and 
sounds  in  general.  Vertigo  and  subjective  sensations  are  usually 
superadded ;  but  the  hearing-power  is  unimpaired.  These  sym- 
ptoms almost  invariably  subside. 

It  very  rarely  happens  that  evidences  of  marked  disorder  of 
equilibrium  make  their  appearance ;  but  cases  have  occurred  in 
^^'hich  this  symptom  became  prominent,  and  was  attended  by 
vomiting  and  decided  impairment  of  hearing.  Even  total  deafness 
has  been  observed,  and  without  any  change  in  the  middle  ear. 
This  complication  is  presumably  due  to  the  action  of  specific 
micro-organisms,  conveyed  to  the  labyrinth  by  the  blood-current 
or  by  the  lymphatics. 


DISEASES  OF  THE   EAR  ASSOCIATED  WITH   TYPHUS  AND 
TYPHOID  FEVERS  AND  WITH  SMALL-POX. 

Typhus. — According  to  the  late  Dr.  Murchison,*  disorders  of 
hearing,  and  especially  deafness,  occur  in  50  per  cent,  of  all  cases 
of  typhus  fever.  Both  the  internal  and  the  middle  portions  of 
the  organ  are  liable  to  be  affected.  The  symptoms  connected 
with  the  former  part  may  appear  at  the  commencement  of  the 
disease  or  not  until  the  period  of  convalescence.  In  130  cases  of 
patients  recovering  from  typhus.  Dr.  Hartmann  found  that  thirty- 
six  had  aural  lesions,  and  of  these  thirteen  were  suffering  from 
acute  otitis  media.  In  many  cases,  about  the  fourth  or  fifth  day 
of  the  disease  the  patients  complain  of  noises  in  the  ears,  and 
especially  of  ringing  sounds,  and  a  few  days  afterwards  the 
attendants  find  that  there  is  more  or  less  deafness,  and  sometimes 
complete  loss  of  function.  In  other  cases  there  is  intolerance  of 
sound,  which  is  a  more  unfavourable  symptom  (Murchison). 
Nothing  abnormal  can  be  detected  in  the  tympanum  or  middle 
ear.  Both  sides  are  most  commonly  affected ;  the  symptoms  pass 
off'  during  convalescence,  and  the  function  is  quite  restored. 
*   Treatise  on  the  Cuntinucd  Fevers  of  Great  Britain,  3rd  Edit.  p.  177. 
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The  deafness  is  possibly  due  to  softening  of  the  internal  muscles 
of  the  ear. 

In  another  class  of  cases  the  middle  ear  is  specially  affected, 
and  the  sj^mptoms  usuall}'  begin  when  the  fever  is  at  its  height ; 
but,  owing  to  the  state  of  the  patient,  they  may  attract  little,  if 
any,  attention.  The  symptoms  are  those  of  naso-pharj-ngeal 
catarrh,  extending  to  the  Eustachian  tube  and  tympanum.  The 
patient  complains  of  uncomfortable  sensations  in  the  throat,  of 
more  or  less  deafness,  and  sometimes  of  autophony.  If  the  ear 
be  examined,  the  membrane  is  seen  to  be  indrawn,  and  its  lustre 
is  increased,  while  the  handle  of  the  malleus  is  shortened  ;  the 
cavity  of  the  tj'mpanum  is  decidedlj^  hypergemic.  Sooner  or 
later  the  subsidence  of  the  throat-symptoms  is  followed  by  that 
of  the  ear-troubles. 

There  is  jet  another  class  of  cases  in  which  the  symptoms  are 
those  of  acute  middle-ear  inflammation ;  there  is  very  severe  pain 
and  marked  diminution  of  hearing-power.  Perforation  of  the 
membrane  sometimes  takes  place ;  occasionally,  indeed,  a  copious 
discharge  from  the  ear  is  the  first  symptom  connected  with  the 
organ.  In  some  cases  rigors,  high  fever,  intense  headache, 
delirium,  and  even  convulsions  occur  during  convalescence,  and 
cease  at  once  on  the  appearance  of  the  discharge.  Other 
instances*  have  been  recorded,  in  which  the  otorrhoea  was 
preceded  by  profound  coma,  dilated  pupils,  etc.  The  opening  is 
always  small,  and  shows  no  tendency  to  enlarge ;  it  is  generally 
in  the  lower  half  of  the  membrane.  Speedy  closure  and  restora- 
tion of  function  are  the  general  rule ;  complications  in  the 
labyrinth  and  extension  of  the  process  to  the  mastoid  cells  are 
very  seldom  noticed. 

Typhoid  Fever.  —  Aural  complications  connected  with 
typhoid  fever  were  noticed  in  the  earh'  part  of  this  century. 
The  additional  fact  that  meningitis  may  be  thus  induced  was 
observed  and  recorded  by  Louis f  in  1841,  and  by  Dr.  Peacock:]: 
some  years  later.  The  frequency  with  A\'hich  aural  complications 
occur  in  this  complaint  would  appear  to  vary  in  different 
epidemics  ;    but  sometimes   the  proportion   is   as  high   as  4  per 

*  See  a  paper  by  Drs.  G.  A.  Kennedy  and  W.  T.  Gairdner,  Glasgow  Medical 
Journal,  1865. 

t  Recherches  sur  la  Fievre  Typhoide,  vol.  ii. 
X  Medical  Times  and  Gazette,  1856. 
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cent.  All  parts  of  the  ear  are  liable  to  be  affected ;  the  auricle 
may  be  the  seat  of  gangrenous  ulceration,  of  furuncles,  and  of 
abscesses.  Moreover,  in  severe  forms  of  typhoid,  the  parotid 
gland  on  one  side  is  sometimes  the  seat  of  abscess,  and  the  pus 
ma}-  find  its  way  through  the  fissures  of  Santorini  into  the 
meatus. 

In  the  middle  ear,  the  S3'mptoms  vary  in  character,  but 
assume  for  the  most  part  two  principal  forms.  In  the  first  of 
these,  the  condition  is  mainly  catarrhal,  and  the  Eustachian  tube 
is  especially  affected.  In  the  second,  inflammatory  symptoms 
predominate,  and  the  exudation  is  manifestly  purulent.  The 
former  condition  is  rare ;  but  the  second  is  decidedly  common, 
and  may  be  attended  by  serious  consequences. 

In  most  cases  the  aural  S3-mptoms  appear  during  the  later 
stages  of  the  fever — that  is,  during  the  fourth  week.  The  patient 
complains  of  pain  (not  particularly  severe)  and  deafness ;  the 
tympanic  membrane  is  hypersemic,  and  more  or  less  swollen  and 
opaque.  These  symptoms  continue  for  two  or  three  weeks,  and 
then  subside.  The  complaint,  however,  not  infrequently  assumes 
a  more  serious  type.  There  is  severe  and  increasing  pain,  marked 
deafness,  tinnitus,  and  evidences  of  decided  inflammation  of  the 
membrane  ;  bone-conduction  is  not  interfered  with.  The  tem- 
perature, which  may  previously  have  approached  the  normal, 
again  rises  in  proportion  to  the  inflammation. 

After  a  few  days  perforation  occurs,  and  most  commonly  in 
the  posterior  superior  quadrant.  This  exceptional  position  is  said 
to  be  due  to  the  fact  that  the  patient  almost  constantly  lies  on 
his  back ;  multiple  perforations  are  not  very  rare.  The  dis- 
charge, at  first  sanious,  soon  becomes  purulent,  and  contains 
numerous  shreds  of  epidermis.  In  a  later  stage,  granulations 
and  polypoid  growths  are  somewhat  common.  The  proliferation 
and  detachment  of  epithelial  cells  gradually  cease,  and  the 
membrane  assumes  a  more  normal  condition ;  the  perforation 
appears  as  a  black  opening  in  a  red  surface. 

The  subjective  symptoms  do  not  subside  with  the  establish- 
ment of  the  perforation,  and  febrile  attacks  are  apt  to  recur, 
especially  when  the  opening  becomes  blocked  up,  and  the  secre- 
tion is  prevented  from  escaping.  As  a  general  rule  the  opening 
shows  no  tendenc}"  to  enlarge. 

A  marked  feature  in  these  cases  of  middle-ear  inflammation 
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connected  with  typhoid  fever  is  the  tendency  of  the  process  to 
extend  to  the  mastoid  portion.  Such  extension  occurs  very  soon 
after  the  development  of  the  disease  in  the  tympanum  ;  in  some 
cases  indeed  it  would  appear  to  be  contemporaneous  with  or  even 
antecedent  to  it.  At  a  verj^  early  period  there  is  often  tenderness 
on  pressure  over  the  mastoid,  and  pus  may  form  under  the 
periosteum ;  and  the  bone  may  become  either  carious  or  necrotic. 
Caries  of  the  ossicles  is  another  complication  which  will  greatly 
prolong  the  duration  of  the  case.  As  a  general  rule,  however, 
inflammation  of  the  middle  ear,  connected  with  typhoid  fever, 
gradually  subsides,  and  the  parts  are  restored  to  their  normal 
condition.  If,  however,  the  mastoid  complication  be  severe,  and 
an  operation  be  required,  the  course  is  certain  to  prove  tedious. 
Symptoms  of  meningeal  irritation  sometimes  appear,  and  may 
prove  serious,  but  they  are  usually  transient,  and  are  due  only  to 
hypersemia  extending  from  the  labyrinth.  In  one  case,  recorded 
by  Dr.  Murchison,*  the  head-symptoms  appeared  at  intervals 
during  more  than  two  years.  The  patient,  a  girl  aged  sixteen, 
had  suffered  from  typhoid  fever,  and  on  the  thirty-fourth  day 
pain  in  the  ear  and  deafness  were  complained  of.  Five  days  later 
there  w^as  purulent  discharge.  Three  months  afterwards  there 
were  marked  head-symptoms,  and  the  attacks  continued  for  more 
than  two  years.  During  this  period  there  were  frequent  signs  of 
mastoiditis,  and  detachment  of  portions  of  the  bone. 

There  is  yet  another  class  of  cases  in  which  the  aural  com- 
plication of  typhoid  fever  affects  the  nervous  structures.  The 
symptoms  appear  in  the  early  stage  of  the  disease,  and  consist 
of  very  severe  tinnitus,  the  sounds  being  of  a  ringing  or  buzzing 
character.  They  are  accompanied  by  a  greater  or  less  degree  of 
deafness,  affecting  generally  both  sides.  Disorder  of  equilibrium 
has  not  been  noticed,  and  no  objective  changes  can  be  detected  on 
examination. 

The  course  of  the  aural  complication  is  for  the  most  part 
favourable,  but  there  is  this  remarkable  feature  connected  with 
it,  viz.,  that  the  local  symptoms  are  apt  to  be  redeveloped  during 
recurrences  of  fever.  Subsidence  is,  however,  the  rule,  and  only 
in  a  very  small  proportion  of  cases  is  there  any  permanent 
deterioration  of  hearing-power. 

With   regard   to  the   cause   of  these    aural   complications   of 
*   Treatise  on  Continued  Fevers,  3rd  Edition,  Case  No.  59,  p.  564. 
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typhoid  fever,  the  gangrene  of  the  auricle  must  be  set  down  as 
evidence  of  a  trophoneurosis,  and  not  as  the  result  of  pressure. 
The  affections  of  the  middle  ear  are  in  part  due  to  extension  from 
the  pharj'nx,  but  in  still  greater  measure  to  the  direct  action  of 
the  micro-organisms  contained  in  the  blood.  Not  only  the  bacilli 
of  t}^hoid,  but  staphylococci,  streptococci,  and  diplococci  take 
part  in  the  causation  of  the  local  disease. 

The  cause  of  the  nervous  form  of  the  complication  is  very 
obscure.  Changes  in  the  blood-current  may  be  assumed  to  exist, 
or  it  may  be  supposed  that  the  specific  virus  gains  access  to  the 
labpinth  and  affects  the  organ  of  hearing,  or  causes  changes  in 
the  nervous  elements.  In  fatal  cases,  deposits  of  lymphoid 
cells,  infiltrations  of  small  cells,  connective-tissue  formations, 
and  fatty  degeneration  of  various  parts  have  been  occasionally 
observed. 

Small-pox. — This  disease  is  rarely  attended  by  aural  com- 
plications ;  the  proportion  in  which  these  appear  varies  from 
0*2  to  1'6  per  cent.  Moreover,  they  are  seen  only  in  the  severe 
forms  (confluent  and  haemorrhagic),  and  not  in  the  ordinary  type 
of  the  disease. 

In  many  cases  of  severe  small-pox  the  eruption  is  very 
marked  on  the  auricle,  and  shows  itself  at  a  very  early  period. 
The  pustules  follow  the  usual  course,  and  cause  great  swelling 
of  the  part  and  alteration  of  shape.  Owing  to  their  confluence 
large  accumulations  of  pus  are  sometimes  formed.  The  osseous 
meatus  remains  unaffected;  but  the  cartilaginous  portion  ma}'  be 
quite  occluded  by  the  pustules,  which  cause  not  only  severe  pain, 
but  also  deafness  and  noises  in  the  ear.  In  later  stages  some 
amount  of  ulceration  may  take  place,  and  the  resulting  cicatrisa- 
tion may  produce  more  or  less  of  deformity. 

In  some  cases,  however,  the  aural  affection  is  of  a  different 
kind,  and  is  due  to  extension  from  the  throat.  The  symptoms 
are  pain,  moderate  deafness,  and  a  hyperaemic  and  indrawn  con- 
dition of  the  membrane ;  but  these  may  remain  unnoticed  when 
the  constitutional  s^miptoms  are  in  any  way  severe.  Occasionally 
the  aural  complication  is  much  more  serious  ;  the  membrane  soon 
becomes  perforated,  and  the  symptoms  are  those  of  diphtheritic 
inflammation.  In  exceptional  cases  suppurative  inflammation 
of  the  labyrinth  is  superadded.  In  another  class  of  cases 
the    Eustachian    tubes    are  the    parts    most    affected  ;    ulceration 


55d.  LOCAL  AXU  GENERAL  AFFECTIOXS. 

occurs,    and  the    healing   process    results    in   obliteration   of  the 
tube. 

In  the  severest  or  haemorrhagic  form  of  small-pox,  symptoms 
referable  to  the  ear  are  usually  masked  b}'  those  of  the  general 
condition.  On  post-mortem  examination  the  labyrinth  has  been 
found  in  a  condition  of  marked  hyperaemia,  or  presenting  circum- 
scril)ed  or  diffuse  patches  of  infiltration.  Haemorrhage  into  the 
sheath  of  the  nerve  is  another  appearance,  and  is  presumabl}'  due 
to  embolism  and  rupture  of  vessels. 

TUBERCULOUS  DISEASE  OF  THE  MIDDLE  EAR. 

Tuberculosis  of  the  middle  ear  is  not  uncommon  ;  the  com- 
plaint is,  however,  generally  secondary  to  tubercular  deposits  in 
other  organs,  and  especially  in  the  lungs.  A  few  cases  of  primary 
tuberculosis  of  the  temporal  bone  have  been  placed  on  record. 
Zaufal*  reports  a  case  in  which  a  mass  of  tubercles  was  imbedded 
in  the  compact  tissue  of  the  petrous  bone,  and  did  not  com- 
municate with  any  of  the  adjacent  cavities.  In  another  instance, f 
the  internal  auditory  meatus  was  blocked  up  by  a  mass  of 
tubercles  as  large  as  a  pigeon's  egg. 

The  Eustachian  tube  is  the  ordinary  channel  through  which 
bacilli  pass  into  the  tympanum,  but  they  may  also  escape  from 
the  vessels  of  the  periosteum  of  the  middle  ear.  In  the  pro- 
pagation of  tuberculosis,  the  Eustachian  tube  acts  in  one  of  two 
ways  :  it  either  remains  normal,  and  serves  merely  as  a  channel 
for  infective  materials,  the  movements  of  which  depend  upon 
variations  of  air-pressure,  or  its  mucous  membrane  is  the  seat 
of  disease,  which  is  continued  into  the  middle  ear.  When  per- 
foration exists  in  the  tympanic  membrane,  bacilli  can  easily  pass 
into  the  cavity  from  the  outer  air. 

Anatomical  Appearances. — The  first  trustworthy  accounts  of 
tuberculosis  of  the  middle  ear  were  given  by  Schwartze.J  who 
described  small  grey,  miliar}'  nodules  on  the  inflamed  and  pro- 
liferated mucous  membrane  on  the  inner  wall  of  the  cavit}'.  The 
patients  were  children,  the  subjects  of  tubercle,  sufiering  from 
purulent  otitis.     He  likewise  described  caseous  inflammation    of 

*  Archivf.  Ohrenhcilkundr,  U.  174. 

t  Ibid.,  vol.  V.  p.  292. 
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the  t^-nipanic  mucous  meuibrane,  occurring  almost  exclusively 
in  tuberculous  sul^jects.  Similar  cases  were  described  by  v. 
Troltsch,  who  considered  that  the  appearances  were  due  to  specific 
tuberculous  processes  in  the  tissues  of  the  tympanum  and  mem- 
brane. In  recent  times  the  diagnosis  has  been  established  by 
the  discovery  of  the  tubercle-bacilli. 

Tuberculosis  of  the  tjmipanum  occurs  in  two  forms,  acute  and 
chronic ;  these  are  marked  by  differences  in  the  anatomical 
appearances.  In  the  first  form,  diffuse  cellular  infiltration  of 
the  mucous  membrane  and  proliferation  of  the  cellular  elements 
are  the  prevailing  features.  There  are  few,  if  any,  giant  cells, 
but  large  numbers  of  tubercle-bacilli.  The  result  is  extensive 
necrosis  of  the  diseased  mucous  membrane,  the  tissues  of  which 
become  caseous  and  disintegrated.  Great  loss  of  substance 
necessarily  ensues ;  but  this  form  usually  occurs  in  much  debili- 
tated subjects,  and  death  puts  a  stop  to  the  progress  of  the  local 
disease.  In  the  second,  or  chronic  form,  circumscribed  masses 
of  tubercle  are  first  seen  in  the  superficial  layers  of  the  mucous 
membrane ;  their  centres  become  caseous,  and  giant  cells  are 
developed,  but  bacilli  are  not  very  abundant.  Caseous  disin- 
tegration results  in  superficial  ulcers,  and  fresh  deposits  of 
tubercle  take  place  in  the  deeper  layers.  In  consequence  of 
inflammatory  proliferation  of  cells  and  infiltration  with  leucocytes, 
the  mucous  membrane  becomes  much  thickened ;  healthy  granu- 
lations may  then  spring  up  on  the  surface,  and  the  deeper  deposits 
may  be  isolated  and  rendered  harmless  by  connective  tissue  for- 
mation. Under  favourable  circumstances,  the  process  may  come 
to  an  end  with  healing  as  the  ultimate  result. 

In  most  cases,  however,  the  disease  extends,  for  the  caseous 
masses,  detached  from  the  surface,  infect  other  portions  of  the 
mucous  membrane,  and  a  similar  process  readily  takes  place 
between  parts  already  in  contact.  Thus  the  inner  surface  of  the 
membrana  tympani  and  the  whole  outer  wall  of  the  cavity,  the 
mucous  covering  of  the  ossicles  and  fenestrge  are  all  liable  to  be 
invaded.  As  deeper  layers  of  the  mucous  membrane  are  attacked 
the  bones  become  involved,  and  the  carious  process  extends  to  the 
ossicles.  Destruction  of  the  foot-plate  of  the  stapes  or  of  the 
promontory  lays  open  the  labj^rinth,  and  the  tuberculous  process 
extends  to  the  perilymphatic  space.  Unless  the  tube  be  already 
affected,   the  process   extends  thither  from  the  cavity  ;    and  the 
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mastoid  antrum  and  cells  are  likewise  apt  to  be  invaded.  Por- 
tions of  the  mastoid  process  are  often  detached  as  sequestra,  after 
the  formation  of  abscesses.  Caries  of  the  roof  of  the  tympanum 
is  likely  to  lead  to  inflammation  of  the  dura  mater,  which  either 
becomes  perforated  or  much  thickened.  Carious  destruction  of 
the  floor  of  the  tympanum  may  expose  the  jugular  vein  or  the 
carotid  artery,  with  fatal  haemorrhage  as  an  almost  certain  result. 
The  canal  of  the  facial  nerve  may  become  involved,  and  the 
process  may  extend  along  the  nerve  towards  the  periphery,  or 
in  the  opposite  direction  to  the  internal  meatus.  Extension  to 
the  cochlea  is  another  possible  result.  Lasth',  when  the  process 
has  become  veiy  severe  and  chronic,  the  access  and  development 
of  other  micro-organisms  may  set  up  profuse  suppuration,  or 
gangrene  and  fatal  septicaemia. 

Symptoms. — In  the  majority  of  cases,  unless  perforation  had 
already  existed  in  the  membrane,  the  first  sjTuptom  noticed  by 
the  patient  is  the  sudden  discharge  of  a  somewhat  large  quantity 
of  purulent  matter.  This  is  sometimes  preceded  by  sensations  of 
fulness  or  pressure  and  impaired  hearing;  but  severe  pain,  so 
marked  in  acute  suppurative  inflammation  of  the  ordinarj'  t^-pe, 
is  always  absent.  This  sudden,  painless  discharge  of  pus  from 
the  ear  is  characteristic  of  the  complaint.  In  all  other  processes 
accompanied  by  exudation  into  the  cavity  and  rupture  of  the 
membrane,  acute  pain  is  a  constant  and  early  symptom.  Its 
absence  should  at  once  excite  the  suspicion  of  tuberculosis. 
Deafness  is  marked  only  when  deeper  parts  are  involved;  it  is 
then  often  accompanied  by  noises  in  the  ears.  The  local  affection 
tends  to  aggravate  the  general  condition  of  the  patient.  It  is 
always  of  serious  import,  notwithstanding  the  comparative 
mildness  of  the  symptoms. 

Diagnosis. — The  nature  of  the  case  can  seldom  be  ascertained 
until  the  membrane  has  given  way  and  the  secretion  has  escaped. 
But  before  these  sj-mptoms  have  appeared,  certain  changes  may 
sometimes  be  discovered  in  the  tj-mpanic  membrane.  This  latter 
becomes  dull  and  j^ellowish-grey  in  colour,  and  minute  reddish- 
yellow  patches  are  seen  on  its  surface  and  mark  the  spots  at 
which  perforation  takes  place.  The  openings,  at  first  very  small, 
rapidl}^  become  larger,  owing  to  suppurative  disintegration  of 
their  margins.  As  this  latter  process  extends  several  openings 
coalesce,  and  in  this  way  the  greater  portion  of  the   membrane 
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may  be  destroyed.  The  rapid  enlargement  of  the  openings  and 
their  confluence  are  characteristic  symptoms  of  the  disease.  With 
regard  to  the  diagnostic  value  of  bacilli  in  the  discharges,  Dr. 
Gottstein*  states  that  the  micro-organisms  of  tuberculosis  are  by 
no  means  always  discoverable.  He  cites  several  instances  in  which 
bacilli  were  abundant  in  the  sputum,  but  could  not  be  found  in 
the  pus  discharged  from  the  ear.  In  other  instances  there  was 
positive  evidence  of  the  presence  of  bacilli. 

Perforation  usually  exists  in  the  lower  half  of  the  membrane, 
the  remainder  being  pale  and  greyish-yellow.  The  mucous  mem- 
brane, as  seen  through  the  opening,  is  either  reddish  or  yellowish ; 
it  is  sometimes  dotted  over  with  caseous  masses,  and  sometimes 
ulcerated.  When  the  perforation  is  larger  it  may  be  seen  that 
both  malleus  and  incus  are  either  displaced  or  wanting ;  in  some 
cases  they  are  quite  covered  up  by  greyish-red  masses  of  granu- 
lation. In  a  subsequent  stage,  but  sometimes,  even  at  an  early 
period,  the  bone  is  found  to  be  involved ;  there  may  be  caries  of 
the  mastoid  process  or  of  the  petrous  bone,  or  of  the  osseous  wall 
of  the  labyrinth. 

Prognosis. — This  is  verA'  unfavourable,  and  especially  when  the 
aural  affection  is  obviously  secondary  to  tuberculous  disease  else- 
where. In  such  cases,  the  process  runs  an  extremely  rapid  course, 
and  life  is  rarely  prolonged  for  more  than  a  few  months  after  the 
development  of  the  disease  in  the  tympanum.  In  non-phthisical 
cases  the  process  sometimes  comes  to  a  standstill  and  suppuration 
ceases,  but  the  perforation  remains,  and  shows  no  tendency  to 
close.  The  risk  of  meningeal  and  cerebral  complications  is 
always  present.  There  may  be  no  acute  stage  in  the  aural 
affection,  and  but  little  elevation  of  temperature.  The  otorrhcea 
may  set  in  only  a  few  days  before  death,  while  the  s^miptoms 
of  meningeal  or  cerebral  mischief  are  of  still  shorter  duration. 

Treatment. — This  is  that  of  chronic  suppurative  otitis.  Anti- 
septic remedies  are  especially  indicated ;  boric  acid  and  finelv 
powdered  iodoform  introduced  by  insufflation  are  the  most 
suitable.  Some  authorities  recommend  that  little  pluo-s  of 
gauze,  saturated  with  antiseptic  solutions,  should  be  introduced 
into  the  tympanum.  Besides  those  in  common  use,  iodol  mav 
be  thus  employed  (Iodol  gr.  ij.;  Sp.  Yin.  Rect.  Vi[xx. ;  Gh'cerin. 
TTLxL).  As  a  matter  of  course,  the  ordinary  treatment  of  tuber- 
*  ArcJdres  of  Otology,  vol.  xiii.  p.  226. 
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culosis  should  be  carried  out.  The  patients  are  generally 
improved  by  fresh  air,  good  food,  and  a  warm  climate.  Injec- 
tions of  tuberculin  have,  of  course,  been  tried ;  but  the  results 
were  by  no  means  satisfactory. 

SYPHILIS    AS    AFFECTING   THE    MIDDLE    EAIt. 

Syphilis  affects  the  structures  of  the  middle  ear  in  a  variety  of 
ways.  It  is  certainly  a  cause  of  catarrhal  processes  in  the  mucous 
membrane,  acting  usually  by  extension  from  the  naso-phaiynx. 
Less  frequently,  it  appears  to  be  associated  with  acute  purulent 
inflammation  of  the  middle  ear.  Its  effects  upon  the  osseous 
walls  and  the  periosteum  are  more  definite  and  serious.  They 
consist  of  h^-peraemia.  thickening  of  the  mucous  membrane,  bony 
outoTO^i:hs  from  the  walls  and  ossicles,  ankylosis,  etc.  In  a  case 
recorded  by  Kirchner.*  the  patient,  a  man  aged  twenty-nine,  had 
contracted  syiDhilis  four  years  previously,  and  had  been  treated 
during  two  years  for  deafness,  exudation  into  the  tpnpanum.  and 
occasional  pricking  pain.  After  death,  the  cavity  was  found 
to  contain  sanious  exudation,  and  the  mucous  membrane  of  the 
promontory  was  decidedly  injected.  Examination  with  the 
microscope  showed  thickening  of  the  mucous  membrane,  small- 
celled  infiltration  surrounding  the  blood-vessels,  and  penetrating 
their  walls.  The  larger  arteries  on  the  promontory  were  much 
narro^^■ed,  owing  to  endarteritis  syphilitica.  Tliis  latter  process, 
tooether  with  thickenino-  of  the  adventitia,  had  led  in  manv 
places  to  complete  obliteration  of  the  vascular  canals,  and  it 
appeared  probable  that  the  oft-repeated  accumulation  of  serous 
fluid  in  the  tympanum  was  due  to  the  changes  in  the  vessels. 
Corresponding  to  those  parts  of  the  mucous  membrane  which  were 
most  seriously  affected,  were  small  bony  outgrowths,  the  result 
of  periostitis,  and  resembling  those  found  on  other  bones.  The 
Haversian  canals  contained  similar  deposits,  together  with  small- 
celled  infiltration  and  accumulation  of  pigment.  In  the  bone 
itself  were  many  cavities  of  various  sizes  and  filled  with  detritus : 
these  resulted  from  disorder  of  nutrition  consequent  upon  the 
obliteration  of  the  vessels. 

It  would  appear,  from  Biirkner's  statistics,  that  about  5  per 
cent,  of  all  cases  of  middle-ear  suppuration  and  7  per  cent,  of  cases 

*  Archil' fiir  Ohrenhe'dk.,  vol.  xxviii.  p.  172. 
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of  nervous  deafness  are  due  to  syphilis.  But  little  is  known  with 
regard  to  syphilitic  disease  affecting  the  auditor}^  nerve.  A  few 
cases  of  gummata  at  the  base  of  the  skull,  pressing  upon  the 
nerve  and  causing  total  deafness,  have  been  placed  on  record. 

Syphilitic  affections  of  the  labyrinth  begin  with  hyperaemia 
and  infiltration  with  small  cells  ;  at  a  later  stage,  such  processes 
as  new  formation  of  connective  tissue,  calcareous  deposits, 
periostitis,  and  bony  formations  about  the  base  of  the  stapes, 
would  appear  to  be  the  results  of  the  disease.  Primary  sup- 
purative inflammation  of  the  labyrinth  has  also  been  seen  in  a 
case  of  fatal  meningitis  occurring  in  a  syphilitic  subject.  The 
middle  ear  and  the  trunk  of  the  auditory  nerve  were  not 
involved. 

In  the  cases  above  referred  to  very  severe  symptoms  may 
appear  during  the  stage  of  small  cell-infiltration.  In  unilateral 
disease  intense  vertigo  may  supervene,  and  when  both  sides  are 
affected  the  patient  may  not  be  able  to  make  a  few  steps  without 
staggering.  The  hearing-power  will  be  much  diminished  or  even 
quite  lost ;  while  the  patient  is  much  distressed  by  severe  tinnitus, 
nausea,  and  vomiting.  Coincidently  with  the  advent  of  these 
symptoms  bone-conduction  is  greatly  lessened,  particularly  for 
high  notes,  or  even  altogether  lost.  Dr.  Roosa  thinks  that  the 
cochlea  is  especially  affected  in  these  cases.  Syphilitic  affections 
of  the  internal  ear  will  be  more  fully  described  in  a  subsequent 
chapter. 

Lesions  of  the  ear  are  somewhat  common  in  cases  of  hereditary 
syphilis.  In  the  labyrinth  they  take  the  form  of  hyperaemia, 
infiltration  with  round  cells,  and  extravasation  of  blood  into  the 
perilymph  and  endolymph,  periostitis  and  changes  in  the  nervous 
structures.  Periostitis  would  appear  to  be  a  common  appear- 
ance ;  it  may  lead  to  bony  growths,  ankylosis  of  the  base  of  the 
stapes,  osseous  closure  of  the  fenestra  rotunda,  and  ossification 
of  portions  of  the  labyrinth.  Retrogressive  changes  are  also 
noticed,  such  as  the  formation  of  cavities  in  the  bony  walls  of  the 
labyrinth,  sometimes  filled  with  caseous  matter,  and  chronic 
suppurative  inflammation  of  the  middle  ear. 

Some  thirty  years  ago  Mr.  Hutchinson  called  attention  to  the 
fact  that  in  cases  of  hereditary  sj^philis,  affections  of  the  ears  are 
often  associated  with  diseases  of  the  eyes  and  a  peculiar  condition 
of  the  teeth.     Choroido-iritis   and    interstitial    keratitis    are   the 
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principal  affections  of  the  eye,  and  may  appear  at  any  time  from 
a  few  weeks  after  birth  up  to  the  fortieth  year.  The  appearances 
in  the  teeth  are  manifested  in  the  incisors,  which  are  more  or  less 
pointed  and  narrow  at  their  edges,  and  furrowed  with  a  crescentic 
notch.  The  central  incisors  are  especially  affected,  the  deformity 
being  nearl}^  always  symmetrical. 

The  aural  affection  may  be  localised  either  in  the  middle  ear 
or  in  the  labyrinth,  or  in  both  these  parts  at  the  same  time.  In 
all  probabilitjr,  the  disease  in  the  labyrinth  is  primaiy  in  its 
origin.  It  shows  itself  generally  between  the  tenth  and  the 
eighteenth  years  ;  but  sometimes  much  earlier.  Females  are  more 
liable  to  be  affected  than  males. 

In  exceptional  cases  the  deafness  suddenly  supervenes,  but  in 
most  instances  its  development  is  gradual,  though  rapid.  Both 
sides  are  usually  affected,  and  the  condition  may  eventually 
amount  to  absolute  deafness.  It  is  generally  associated  with 
marked  subjective  sensations,  and  sometimes  with  vertigo  and 
staggering.  The  appearance  of  the  deafness  is  generally  coinci- 
dent with  that  of  the  keratitis,  but  it  may  precede  or  follow  the 
development  of  the  lesions  in  the  eye.  In  the  early  stage  very 
high  notes  are  lost  much  sooner  than  ordinary  sounds,  such  as  the 
voice ;  the  cochlea  is  the  most  probable  seat  of  the  disease.  In 
early  life  deaf-mutism  is  an  occasional  result  of  this  affection. 
Bone-conduction  is  lessened  or  altogether  lost  at  a  very  early 
stage.     The  prognosis  in  all  these  cases  is  decidedly  unfavourable. 
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CHAPTER  XXXVI. 

INJURIES  OF  THE  TYMPANUM— ILEMORRIIAGE  IN  THE 
TYMPANUM. 


Direct  and  Indirect  Injuries — Causes  and  Symptoms  in  both  Classes — 
Escape  of  Cerebro-Spinal  Fluid ;  its  Significance— Other  Sources  of 
Watery  Discharge  from  the  Ear — Openings  in  AValls  of  Tympanum 
and  their  Possible  Consequences — Ilsemorrhage  in  the  Tympanum 
— Causes — Symptoms — Treatment — Haemorrhage  with  Perforation 
or  Rupture  of  Membrane — Treatment. 

The  tympanum  may  be  injured  either  by  direct  or  indirect 
violence.  The  first  category  includes  cases  in  which  foreign 
bodies  and  corrosive  fluids  pass  through  the  meatus  and  tympanic 
membrane  and  gain  access  to  the  cavity,  and  likewise  those  in 
which  the  Eustachian  tube  is  the  channel.  The  second  class 
includes  such  examples  of  indirect  injury  as  those  which  some- 
times occur  in  connection  with  fractures  and  fissures  at  tlie  base 
of  the  skull,  resulting  from  falls  or  blows.  Defects  in  the  osseous 
walls  of  the  tympanum  may  also  be  caused  by  disease  and  by 
arrest  of  ossification  in  early  life. 

When  the  tympanum  is  injured  by  a  foreign  bod}^,  the  con- 
sequences vary  with  the  nature  and  form  of  the  substance  and  the 
<legree  of  force  with  which  it  acts.  Rupture  of  the  tympanic 
membrane,  injury  or  dislocation  of  the  ossicles,  and  laceration  of 
the  mucous  membrane  are  the  immediate  effects.  If  the  capsule 
of  the  labyrinth  or  the  roof  of  the  tympanum  be  broken  through, 
escape  of  cerebro-spinal  fluid  is  likely  to  follow.  Sometimes  the 
facial  canal  is  opened  and  the  nerve  injured.     In  one  recorded  case, 
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during  attempts  to  remove  a  foreign  bod}"  from  the  tympanum, 
the  floor  of  the  cavity  was  perforated,  with  haemorrhage  from  the 
jugular  vein  as  the  result. 

Direct  injur}'  to  the  structures  of  the  t3niipanum  is  sometimes 
caused  by  projectiles,  and  wounds  of  this  nature  usually  involve 
adjacent  parts.  In  addition  to  the  ossicles  and  the  walls  of  the 
cavitA',  the  injury  may  affect  the  chorda  tympani  nerve. 

Symptoms. — When  a  foreign  body,  of  such  a  shape  as  to  pass 
readily  through  the  meatus,  is  driven  into  the  tympanum,  it  gives 
rise  to  more  or  less  severe  pain,  haemorrhage,  subjective  noises  and 
deafness.  The  blood  which  escapes  from  the  meatus  varies  in 
quantity;  but  the  haemorrhage  is  generalh'  moderate  and  ceases 
spontaneously.  In  the  absence  of  antiseptic  remedies,  promptly 
applied,  purulent  inflammation  of  the  tympanum  with  its  con- 
sequences is  very  apt  to  result.  Division  of  the  chorda  tympani 
will  cause  loss  of  taste  in  the  corresponding  half  of  the  tongue, 
with  sensations  of  pricking,  cold,  etc.  Injuries  which  involve  the 
inner  wall  or  the  roof  of  the  tpupanum  are  to  be  regarded  as 
especially  serious.  The  former  portion  of  the  cavity  is  in  relation 
with  the  labyrinth  ;  while  the  roof,  often  very  thin,  is  in  close 
contact  with  the  dura  mater.  Attempts  to  remove  foreign  bodies 
from  the  tympanum  have  occasionalh'  resulted  in  serious  injur}-  to 
these  portions  of  the  tympanum. 

Injuries  to  the  t3'mpanum  by  heated  or  corrosive  fluids  are 
extremely  rare.  They  are  always  attended  by  extensive  destruc- 
tion of  the  neighbouring  soft  parts,  and  are  likely  to  be  followed 
by  purulent  inflammation,  sloughing,  etc.  Symptoms  of  a  like 
nature,  though  less  severe,  may  be  excited  by  the  injection  of 
stimulating  remedies,  for  curative  purposes,  through  the  Eus- 
tachian tube. 

Injuries  belonging  to  the  second  class — viz.,  those  caused  by 
blows  or  falls  on  the  head,  and  involving  fracture  or  fissures  of  the 
base  of  the  skull — generally  cause  more  or  less  profuse  haemor- 
rhage, the  source  of  the  blood  being  either  the  lateral  or  petrosal 
sinuses,  and  in  some  cases,  the  middle  meningeal  arter}'.  Escape 
of  cerebro-spinal  fluid  is  another  symptom  which  may  continue 
for  several  days.  The  fluid  ma}'  be  either  pureh'  serous  in 
appearance  or  more  or  less  deeply  tinged  with  blood.  It  must 
be  borne  in  mind  that  a  serous  discharge,  coming  on  some  days 
after  an  injury,  and  when  haemorrhage  has  ceased,  is  not  neces- 
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sarily  indicative  of  escape  of  cerebro-spinal  fluid ;  it  may  be 
secreted  by  the  tympanic  mucous  membrane.  Moreover,  the 
discharge,  b}'  the  meatus,  of  cerebro-spinal  fluid  ma}^  occur  in 
tlie  absence  of  fracture  of  the  base  of  the  skull,  inasmuch  as  this 
fluid  passes  into  the  labyrinth,  and  may  escape  therefrom  when  the 
inner  wall  of  the  tympanum  is  the  seat  of  fracture.  Cases  in 
which  serous  fluid  escapes  from  the  ears  after  injury  are  by  no 
means  rare,  and  the  quantity  ma}'  be  very  considerable  ;  thus 
three  or  four  ounces  and  even  more  have  been  discharged  within 
an  hour.  The  symptom  may  continue  for  several  days,  and  then 
gradually  cease.  Fissures  involving  the  base  of  the  skull  are  by 
no  means  necessarily  fatal. 

The  various  questions  connected  with  watery  discharges  from 
the  ear  after  severe  injuries  to  the  head  are  fully  discussed  in  Sir 
P.  Hewett's  Article  in  Holmes's  System  of  Surgery j^  It  is  there 
laid  down  that  the  escape  of  cerebro-spinal  fluid  "  implies  a 
fracture  cuttino-  across  the  meatus  internus  and  communicatino; 
with  the  tympanum,  a  laceration  of  the  tubular  sheath  of  the 
cerebral  membranes  surrounding  the  seventh  pair  of  nerves  ^^dthin 
this  meatus,  and  a  laceration  of  the  membrana  tympani."  Those 
cases,  however,  in  which  the  fracture  does  not  involve  the  internal 
meatus,  though  passing  across  the  internal  and  middle  ear,  require 
a  different  explanation.  The  watery  discharge  has  then  been 
thought  to  be  derived  from  the  perilymph  of  the  labyrinth ;  but 
its  quantity  in  some  cases  would  seem  too  great  to  be  furnished 
from  this  source.  Profuse  watery  discharge  has  also  been  noticed 
after  a  severe  injury  of  the  head,  in  cases  in  which  it  was  proved 
that  there  was  no  fracture  involving  either  the  internal  or  the 
middle  ear,  and  no  communication  whatsoever  between  these 
cavities.  In  such  cases,  the  inflamed  lining  membrane  of  the 
middle  ear  is  regarded  as  the  source  of  the  fluid  discharge,  which 
makes  its  appearance  some  hours  after  the  occurrence  of  the  injur}-. 

According  to  Sir  P.  Hewett,  cases  of  watery  discharge  from 
the  ear  after  injury  may  be  divided  into  three  classes. 

In  the  first,  the  fluid  is  plentiful,  and  of  a  decidedly  AAatery 
character  immediately  after  the  injury — the  discharge  is  due  to 
escape  of  cerebro-spinal  fluid,  which  can  onh'  take  place  througli 
a  fracture  of  the  petrous  bone,  implicating  the  internal  auditory 
canal  and  its  membranes. 

*  Vol.  i.  p.  503. 
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In  the  second  class,  there  is  copious  and  prolonged  bleeding 
from  the  ear,  followed  by  a  watery  discharge.  This  sequence  of 
events  indicates  fracture  of  the  petrous  bone  ;  but  it  cannot  be 
said  that  the  fracture  follows  any  particular  course. 

In  the  third  class  of  cases  the  discharge  at  first  consists  of 
blood  alone  ;  this  is  followed  by  a  watery  discharge,  varying  in 
quantity,  and  as  to  the  time  of  its  appearance.  "It  may  be 
present  within  a  very  few  hours  after  the  accident ;  it  may  be 
profuse  within  a  very  few  hours  of  its  appearance."  In  such 
cases  the  diagnosis  is  doubtful.  The  discharge  of  blood  is  not  of 
such  a  character  as  positively  to  indicate  a  fracture  of  the  petrous 
bone,  and  it  is  well  known  that  a  watery  discharge  may  occur 
within  a  few  hours  after  the  accident,  that  its  quantity  may  even 
be  profuse,  and  jet  there  may  be  no  fracture. 

Urbantschitsch  points  out  that  cerebro-spinal  fluid  is  distin- 
guishable from  serous  exudation  by  the  fact  that  it  contains  some 
reducing  constituent  (pyrocatechin,  according  to  Halliburton), 
and  very  little   albumen.     It   does   not   spontaneously  coagulate. 

In  connection  with  fissures  caused  by  injury,  it  would  seem 
desirable  to  refer  to  those  openings  in  the  bony  walls  of  the 
tympanum  which  are  the  result  of  defective  ossification  or  of 
absorption  due  to  pressure.  The  openings  referred  to  are  most 
commonly  found  in  the  roof  and  the  floor  of  the  cavity,  and  in 
the  layer  of  bone  between  it  and  the  carotid  canal. 

The  plate  of  bone  forming  the  roof  of  the  tympanum,  and 
particularly  that  portion  of  it  which  is  above  the  malleo-incudal 
joint,  and  covers  the  recessus  epitympanicus,  is  often  so  thin 
as  to  be  transparent,  and  it  is  here  that  openings  or  dehiscences 
are  most  often  met  with.  Through  such  minute  gaps  the  lining- 
membrane  of  the  cavit}'  comes  into  contact  with  the  dura  mater, 
and  diseased  processes  in  the  middle  ear  may  be  easily  pro- 
pagated to  the  brain.  In  children,  the  condition  of  the  petro- 
squamous suture  facilitates  communication  between  the  two 
cavities.  The  fissure  between  these  two  portions  of  the  bone  is 
occupied  b}^  a  prolongation  of  the  dura  mater  containing  vessels 
and  connective  tissue,  and  closely  coiniected  with  the  mucous 
membrane  of  the  tympanum.  Inflammation  may  thus  easily 
spread  from  the  one  cavity  to  the  other. 

The  openings  in  the  tympanic  roof  in  adult  life  are  in 
most    cases    the    evidences    of   atrophy-   due    to    pressure    by   the 
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convolutions  of  the  brain.  Burkner,*  who  has  investigated 
this  subject,  states  that  in  the  macerated  skull  they  are  often 
found  associated  with  deep  digital  impressions  and  tenuity  of 
the  orbital  plates.  He  points  out  that  besides  the  spots  already 
mentioned,  dehiscences  are  sometimes  present  in  the  walls  of 
the  aqueduct  of  Fallopius,  in  the  jugular  fossa,  in  the  mastoid 
process  and  in  the  squamous  portion.  The  formation  of  dehis- 
cences in  the  roof  of  the  tympanum  is  favoured  b}"  excessive 
development  of  the  cavity  and  thinness  of  the  osseous  boundaries. 
Other  investigations!  show  that  dehiscences  occur  in  about  7  per 
cent,  of  all  cases,  and  exclusively  in  brachy cephalic  skulls. 

Openings  or  dehiscences  in  the  floor  of  the  cavity  may  result 
either  from  defective  development  or  from  pressure.  This  portion 
is  membranous  until  the  fifth  month  of  embr3'onic  life,  and  in 
some  cases  this  condition  persists  for  several  years  after  birth. 
Dehiscences,  the  result  of  atrophy,  are  sometimes  associated  with 
unusual  size  of  the  jugular  fossa,  which  encroaches  upon  the 
cavity  of  the  tympanum. 

The  osseous  lamella  separating  the  carotid  canal  from  the 
tjmipanum  is  sometimes  very  thin,  and  openings  occasionally 
exist.  These  are  for  the  most  part  the  result  of  defective  develop- 
ment, but  they  may  be  due  to  caries.  In  one  recorded  case,  a 
groove  existed  in  place  of  a  canal. 

Haemorrhage  in  the  Tympanum  most  often  results  from 

injuries;  but  it  may  occur  in  connection  with  various  morbid  con- 
ditions. When  the  membrane  is  intact,  the  injury  is  almost 
always  of  an  indirect  kind,  e.g.,  a  fall  or  blow  on  the  chin,  violent 
coughing  (as  in  whooping-cough),  sneezing,  straining  efforts  at 
vomiting,  or  forcible  injection  of  air  through  the  Eustachian  tube. 
After  death  by  strangulation,  blood  is  often  found  effused  in  the 
tympanum.  The  diseases  with  which  a  similar  condition  is  some- 
times associated  are — Bright's  disease,  diphtheria,  leucocythaeniia, 
scurvy,  and  haemophilia.  During  menstruation  and  in  advanced 
stages  of  pregnancy  effusion  of  blood  has  been  known  to  take 
place  into  the  tympanum. 

Embolism  of  the  tympanic  arteries  is  another  condition  which 
ma}'  cause  haemorrhage  within  the  tympanum,  and  this  sjnnptom 
has    been   known    to  arise    in   the    course    of  endocarditis.     The 

*  Archil' fur  Ohrenheilhunde,  voJ.  xiii.  p.  18?. 
t  Ibid.,  vol.  xxvii).  p.  169. 
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blood  is  effused  both  within  the  substance  of  the  mucous  mem- 
brane and  on  the  surface.*  The  emboli  occupy  the  spots  at  which 
lateral  branches  are  given  off,  and  consist  of  finely  granular 
masses,  probably  composed  of  micro-organisms,  which  are  found 
in  abundance  in  the  effused  blood.  In  cases  of  sudden  deafness 
occurring  during  pyaemia,  minute  sharply-defined  patches  of 
effused  blood,  purple  or  black  in  colour,  have  been  found  in  the 
mucous  membrane.  Other  local  processes — e.</..  ulceration,  caries, 
and  necrosis  of  the  walls  of  the  ca\'itv — mav  o^ive  rise  to  var\'in2: 
degrees  of  haemorrhage. 

AYhen  the  membrane  is  intact,  haemorrhage  within  the 
t}Tnpanum  will  cause  more  or  less  marked  subjective  symptoms, 
as  deafness,  noises  in  the  ear.  a  sensation  of  fulness,  and 
sometimes  pain  and  vertigo.  The  objective  symptoms  vary  with 
the  amount  effused  and  the  previous  condition  of  the  membrane. 
When  the  part  was  previously  normal  and  the  haemorrhage  has 
been  somewhat  copious,  the  membrane  appears  bluish-red  or 
even  black,  devoid  of  lustre,  and  projecting,  especially  at  its 
posterior  and  upper  part,  into  the  meatus.  The  handle  of  the 
malleus  appears  more  distinct  than  usual  against  the  darkened 
membrane.  Such  appearances  are.  of  course,  absent  when  the 
membrane  is  opaque  and  thickened.  Rales  are  heard  when  air 
is  forced  into  the  tympanum :  bone-conduction  is  increased  on 
the  affected  side,  while  Rinne's  test  gives  a  negative  result.  In 
favourable  cases,  absorption  gradually  takes  place  :  the  membrane 
becomes  yellowish-red.  and  in  the  course  of  three  or  four  weeks 
assumes  its  normal  tint.  Suppuration,  followed  by  ^perforation  of 
the  membrane,  very  rarely  occurs. 

Treatment. — This  consists  in  protecting  the  affected  ear  and 
keeping  the  patient  at  rest.  A  low  non-stimulating  diet  should 
be  prescribed,  and  purgatives  are  generally  useful.  After  several 
days  have  elapsed,  the  air-douche  may  be  employed  to  hasten 
absorption.  It  is  very  seldom  necessary  to  make  an  opening  in 
the  membrane,  and  unless  there  be  great  tension  and  violent  pain, 
it  is  better  to  refrain  from  any  such  operation.  If.  however,  the 
latter  be  deemed  necessary-,  it  should  be  performed  under  strict 
antiseptic  precautions,  otherwise  there  is  great  risk  of  setting  up 
purulent  inflammation. 

Haemorrhage  into  the  Tympanum  with  perforation  or 

*  Archil' fiir  Ohrenheilkunde,  vol.  xiv.  p.  73. 
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rupture  of  the  membrane. — When  an  injury  which  causes  rupture 
of  the  membrane  gives  rise  at  the  same  time  to  linemorrhage 
Avitliin  the  cavity,  more  or  less  blood  will  escape  from  the  meatus. 
A  discharge  of  blood  from  the  external  meatus  is  also  a  s\nni)tom 
of  ha?morrhagic  tympanitis,  of  new  formations  in  the  canal  or  in 
the  middle  ear,  of  pol}'poid  growths,  of  ulceration  within  the 
cavity,  and  of  caries  of  its  walls.  Foreign  bodies  thrust  tlu-ough 
the  membrane,  attempts  at  their  removal,  and  operations  upon 
polypoid  growths  are  other  causes  of  htemorrhage  from  the 
tympanum.  Except  in  cases  of  haemophilia,  the  discharge  is 
seldom  profuse.  Haemorrhage  from  the  ear  after  injury  is 
regarded  as  one  of  the  most  valuable  diagnostic  signs  of  a 
fracture  of  the  base  of  the  skull  {see  page  562).  As  a  positive 
symptom,  however,  of  this  injury,  the  bleeding  must  be  copious 
and  must  continue  for  some  time.  Haemorrhage  of  this  charac;ter 
is  indicative  of  fracture  of  the  base  running  through  the  petrous 
bone,  and  creating  a  communication  between  the  cavity  of  the 
tympanum  and  some  of  the  large  vascular  channels  which  sur- 
round the  bone,  or  with  extravasated  blood  within  the  cranium 
itself. 

It  must,  however,  be  noticed  that  fractures  of  the  temporal 
bone  frequently  occur  without  causing  haemorrhage  from  the  ear. 
In  such  cases,  either  the  fracture  does  not  involve  the  tympanum, 
■or  the  membrane  remains  intact,  so  that  the  blood  cannot  escape. 
Sir  P.  Hewett  has  recorded  seventeen  cases  of  fractured  base, 
without  bleeding  from  the  ear  ;  in  twelve  of  these,  the  tympanum 
was  not  involved ;  in  the  remaining  five,  the  tympanum  was 
fractured,   but  tlie  membrana  tympani  was  not  ruptured. 

In  cases  of  fractured  base,  with  ruptured  tympanic  memlorane, 
when  the  fracture  communicates  with  one  of  the  venous  cerebral 
.sinuses  and  the  walls  of  the  tympanum,  the  haemorrhage  may  be 
very  profuse.  In  a  case  of  injury  to  the  occiput,  recorded  by 
Mr.  Holden,  the  escape  of  venous  blood  from  the  meatus  was  like 
the  flow  from  the  spout  of  a  tea-pot.  The  fracture  was  considered 
to  involve  the  lateral  sinus.  In  another  case,  an  incision  through 
the  lower  part  of  the  membrana  tympani  penetrated  the  floor  of 
the  cavity  (through  a  dehiscence)  and  injured  the  jugular  vein. 
Injuries  involving  the  carotid  canal  and  the  middle  meningeal 
.artery  may  likewise  cause  haemorrhage  from  the  meatus. 

If  haemorrhage  take  place  into  the  tympanum,  without  rupture 
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of  tlie  iiienibrane.  the  hlood  will  find  its  way  through  the  Eusta- 
chian tube,  so  that  there  may  be  bleeding  from  the  nose  or  from 
the  mouth,  or  subsequent  vomiting  of  blood.  And  even  when  a 
rupture  of  the  membrane  exists,  escape  of  blood  through  the 
Eustachian  tube  may  also  take  place  ;  so  that  in  some  cases  of 
fractured  petrous  bone,  bleeding  occurs  from  the  ear,  nose,  and 
mouth  at  the  same  time,  the  blood  thus  discharged  from  several 
openings  being  derived  from  the  same  source. 

As  already  mentioned,  in  cases  of  injury,  in  which  escape  of 
blood  from  the  ear  is  an  early  symptom,  the  bleeding,  after  a  few 
days,  is  often  replaced  by  a  pale,  straw-coloured  fluid.  A  case  in 
which  both  membrana?  tympani  were  ruptured,  and  the  haemor- 
rhage was  followed  by  discharge  of  a  yellow  fluid,  is  recorded  by 
Dr.  Ray.*  of  Louisville,  U.S. 

Destruction  of  the  tympanic  walls  by  caries  or  necrosis  may 
implicate  one  or  other  of  the  large  vascular  channels  contained  in 
the  petrous  bone,  viz..  the  carotid  artery,  the  jugular  vein,  and 
the  lateral  sinus.  In  a  case  reported  by  Drs.  Moos  and  Stein- 
briigge.f  there  was  caries  of  the  petrous  portion  of  the  temporal 
bone,  with  facial  paralysis  and  fatal  haemorrhage  from  the  carotid 
artery.  On  examining  the  bone  after  death  there  was  a  deficiency 
in  the  external  wall  of  the  carotid  canal,  measuring  15mm.  (f  inch) 
in  breadth  and  7mm.  (about  f%-  inch)  in  height.  The  artery  was 
bare  to  the  whole  extent  of  this  opening,  and  corroded  and  per- 
forated near  the  promontory.  HesslerJ  has  collected  fourteen 
cases  in  which  fatal  haemorrhage  was  the  result  of  a  similar 
lesion  in  the  walls  of  the  carotid  artery.  The  latter  may.  how- 
ever, be  exposed  after  carious  destruction  of  the  carotid  canal 
without  being  involved  in  the  disease.  Cases  in  which  fatal 
haemorrhage  has  been  caused  by  destruction  of  the  ^^  alls  of  the 
jugular  vein  or  of  the  sinuses  connected  with  the  temporal  bone 
are  less  common. 

Treatment. — When  the  haemorrhage  is  slight  in  amount  and  is 
caused  by  polypoid  or  other  growths,  or  by  injury  not  involving 
the  large  vessels,  it  often  ceases  spontaneously.  Should  it  con- 
tinue, a  plug  of  cotton-wool,  impregnated  with  powdered  alum  or 
perchloride  of  iron,  should  be  introduced  into  the  meatus. 

*  Archives  of  Otology,  vol.  xv.  p.  102. 

t  Ihid.,  vol.  xiii.  p.  16:1. 

X  Archil' fiir  OhrcnJieilhvndc,  vol.  xviii.  p.  1. 
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When  large  vessels  are  aftected.  more  active  measures  will  be 
required,  though  for  venous  haemorrhage — e.g.,  from  the  lateral 
sinus — plugging  the  meatus  is  the  only  available  means  of  arresting-^ 
the  flow  of  blood.  The  sinus  readily  becomes  occluded  by  the- 
formation  of  a  thrombus.  When  the  blood  comes  from  the 
internal  carotid,  ligature  in  the  neck  may  not  prove  successful, 
inasmuch  as  the  collateral  circulation  is  readily  established.  In 
one  case,  Prof.  Billroth  tied  the  common  carotid  artery,  but  ten 
days  afterwards  the  haemorrhage  recurred  and  became  so  profuse 
as  to  induce  the  surgeon  to  tie  the  corresponding  artery  on  the 
other  side.  Two  days  later  the  haemorrhage  recurred,  and  the 
patient  died.  Urbantschitsch  points  out  that  ligature  of  the 
carotid  should  be  performed  only  if  it  be  found  that  well-directed 
pressure  upon  the  artery  arrests  the  bleeding.  Such  pressure 
will,  of  course,  have  no  effect  upon  haemorrhage  the  result  of 
lesions  of  the  sinuses.  The  artery  has  been  tied  when  the  lateral 
sinus  was  the  real  source  of  the  haemorrhage. 
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OTALGIA. 

Causes— Symptoms  and  Treatment. 

Pain  of  a  neuralgic  cliaracter  is  sometimes  felt  in  the  external 
and  middle  portions  of  the  ear,  while  careful  examination  fails  to 
detect  any  evidences  of  inflammatory  or  other  changes.  In  the 
auricle  and  meatus,  neuralgic  pain  may  be  due  to  some  affection  of 
the  flfth  nerve  or  of  the  upper  branches  of  the  cervical  plexus 
which  supply  the  back  of  the  ear.  Slight  redness  and  swelling- 
are  sometimes  noticed  Avhen  these  parts  are  the  seat  of  pain.  The 
sensory  nerves  of  the  tympanum  are  supplied  by  the  fifth  pair  and 
the  glosso-pharyngeal.  In  the  tympanic  plexus,  a  branch  from 
the  petrous  ganglion  of  the  latter  nerve  communicates  with  the 
great  superficial  petrosal,  which  is  connected  with  Meckel's  gan- 
glion. The  small  nerve  of  the  same  name  joins  the  otic  ganglion, 
and  a  filament  from  the  s^^mpathetic  unites  the  tympanic  with  the 
carotid  plexus.  The  numerous  relations  thus  formed  account  for 
the  radiating  character  of  the  pain,  which  is  sometimes  noticed. 
Causes. — The  most  common  cause  of  otalgia  is  a  decaj-ed  tooth, 
which  may  itself  be  quite  free  from  pain.  In  these  cases,  the 
pain  may  extend  to  the  neck,  shoulder,  and  arm.  Ulceration  in 
the  larynx  and  in  the  upper  part  of  the  pharynx  is  often 
accompanied  b}^  pain  in  the  ear ;  and  cancer  of  the  tongue,*  and 
thoracic  aneurisms  f  sometimes  produce  the  same  symptom. 
Other  less  common  causes  of  otalgia  are  exposure  to  cold, 
.anaemia,  neurasthenia,  disorders  of  the  sexual  organs,  irritative 

*  Hilton,  Lancet,  1860,  vol.  ii.  p.  257. 

t  Gull,  Medical  Times  and  Gazette,  1864,  vol.  i.  p.  34. 
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processes  involving  the  Gasserian  ganglion  and  the  second  and 
third  divisions  of  the  fifth  nerve,  caries  of  the  bones,  and 
tumours  of  the  brain.  Otalgia  is  sometimes  due  to  the  in- 
fluence  of  malaria,  and  is  sometimes  connected  with  syphilis. 

In  young  children  pain  in  the  ears  is  often  due  to  teething. 
In  such  cases  it  is  probably  caused  by  extension  of  inflammation 
from  the  mouth  and  pharynx  along  the  Eustachian  tube.  Reflex 
irritation  may,  however,  take  part  in  its  production.  The 
tympanum  is  supplied  by  the  tympanic  branches  of  the  internal 
carotid,  and  by  branches  of  the  internal  maxillary  and  stylo- 
mastoid arteries,  from  the  external  carotid  trunk.  Irritation 
from  inflamed  gums  is  communicated  to  the  otic  ganglion,  and 
dilatation  of  the  tympanic  vessels  results  from  inhibition  of  the 
vaso-motor  nerves.  If  the  process  become  severe,  it  may  result 
in  acute  catarrh  of  the  tympanum. 

The  pain  in  otalgia  is  either  intermittent  or  continuous ; 
when  due  to  the  influence  of  malaria  the  attacks  are  distinctly 
periodical.  In  some  cases  the  pain  is  not  confined  to  the  ear, 
but  radiates  to  the  neck  and  shoulders.  It  is  sometimes  accom- 
panied b}^  subjective  auditory  sensations  and  deafness,  and  by 
h^'peraesthesia  of  the  skin  of  the  auricle  and  temple.  The  pain 
is  apt  to  be  increased  by  loud  noises  and  by  movements  of  the 
head.  Urbantschitsch  records  a  case  in  which  bilateral  otalgia, 
which  had  troubled  the  patient  for  eighteen  months,  was  traceable 
to  piano-playing  in  a  room  in  which  resonance  was  very  marked. 
The  pain  was  decidedly  aggravated  by  loud  sounds,  and  was 
relieved  b}^  galvanism. 

It  must,  of  course,  be  borne  in  mind  that  otalgia  may  co-exist 
with  carious  teeth  without  being  in  any  way  dependent  upon 
them.  In  all  cases  the  ears  must  be  carefully  examined,  and  if 
no  disease  can  be  detected,  the  condition  of  the  teeth,  larynx,  and 
throat  should  next  be  ascertained. 

Treatment. — This  must  depend  upon  the  cause  and  duration  of 
the  complaint.  Decayed  and  aching  teeth  must  be  extracted  or 
otherwise  treated ;  anaemia  and  debility  will  require  tonics,  such 
as  iron  and  quinine.  The  latter  drug  will  be  useful  when  the 
otalgia  is  accompanied  by  symptoms  of  tic  douloureux,  and  espe- 
cially in  cases  with  a  history  of  exposure  to  malaria.  Gelseminum, 
arsenic,  salicylate  of  sodium,  and  bromide  of  potassium  or  ammo- 
nium sometimes  do  good  in  these   cases.     In  syphilitic  subjects. 
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full  (loses  of  iodide  of  potassium  will,  of  course,  be  indicated.  This 
remedy  sometimes  relieves  the  pain  in  non-syphilitic  cases. 
When  the  attack  is  very  severe,  morphine  may  be  given  either 
internally  or  by  subcutaneous  injection. 

In  chronic  cases,  besides  the  remedies  already  mentioned, 
turpentine,  belladonna,  oxide  of  zinc,  and  antipyrin  have  been 
recommended  by  various  authorities.  A\'eber-Liel  has  seen 
good  results  from  oil  of  turpentine,  in  doses  of  TTj^xv. — xx. 
Belladonna  is  used  either  in  the  form  of  ointment  applied  to 
the  mastoid  process,  or  internally,  in  doses  of  Tf^v.  of  the 
tincture.  Atropin,  in  doses  of  five  drops  of  a  1  per  cent, 
solution  several  times  daily,  has  been  found  efficacious.  Anti- 
pyrin has  been  used  in  doses  of  five  grains  three  or  four  times 
a  day.  The  local  application  of  veratrine  in  the  form  of  oint- 
ment is  worthy  of  a  trial.  The  following  combination  has  also 
been  recommended  :  menthol  and  camphor,  of  each,  one  part ; 
liquid  vaseline,  twenty  parts.  Politzer  states  that  galvanism  is 
occasionally  useful  when  all  other  means  have  failed.  The 
positive  pole  is  placed  on  the  ear ;  the  negative,  on  the  back 
of  the  neck.  The  induction-current  is  not  recommended,  on 
account  of  the  cutaneous  hypereesthesia  which  often  co-exists. 
Relief  may  sometimes  be  obtained  by  the  application  of  a 
blister  {see  page  315)  to  the  mastoid  process.  In  cases  in 
which  the  pain  is  not  confined  to  the  deep  parts  of  the  ear, 
but  affects  the  entire  aural  region,  and  is  increased  by  pressure 
beneath  the  tragus,  massage  has  been  followed  by  great  relief, 
and  complete  subsidence  of  the  discomfort  in  the  course  of  a. 
few  davs.  For  intermittent  otaloia.  Urbantschitsch  recommends, 
besides  quinine,  the  inhalation  of  a  few  minims  of  amyl 
nitrite. 
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THE  ANATOMY  AND  PHYSIOLOGY  OF  THE  INTERNAL  EAR. 

The  Auditory  Nerve  and  the  Divisions  of  the  Labyrinth — The  Vestibule — 
The  Semi-Circular  Canals — The  Cochlea — The  Membranous  Semi-Cir- 
cular Canals — The  Cristse  Acusticae — Otoliths— The  Cochlear  Nerves 
— The  Scala  Media — Corti's  Membrane  and  Organ^ — The  Membrana 
Basilaris— The  Auditory  Teeth— Corti's  Pillars  and  Cells — Connec- 
tions of  Cells  with  Nerves — Reissners  Membrane — Blood-Yessels 
of  the  Internal  Ear — Origin  of  the  Auditory  Nerve — Its  Connections 
and  Divisions — The  Physiology  of  the  Labyrinth — Functions  of  the 
Utricle,  Saccule,  and  Semi-Circular  Canals— Flourens'  Experiments 
and  their  Results — Functions  of  the  Cochlea — The  Psj'cho-Acoustic 
Centre. 

The  Auditory  Nerve,  on  leaving  the  base  of  the  skull,  enters 
the  petrous  portion  of  the  temporal  bone,  and  passes  into  a  com- 
plicated organ,  the  osseous  labyrinth.  AYhen  this  is  opened,  the 
internal  surface  is  found  to  be  covered  by  a  connective  tissue 
membrane,  the  periosteum,  which  immediately  incloses  the 
perilymph.  The  latter  covers  the  membranous  labyrinth,  ^^•hich 
has  for  the  most  part  the  shape  of  its  osseous  ca}>sule.  The 
osseous  labyrinth  is  divided  into  three  portions :  the  semi-circular 
canals,  the  vestibule,  and  the  cochlea.  The  first  of  these  contains 
the  membranous  canals ;  the  second,  the  utricle  or  saccidus 
eUipticus,  and  the  saccidus  rotandus  ;  while  the  third  contains  the 
windings  of  the  ductus  cochlearis.  All  these  three  divisions  of 
the  membranous  labyrinth  communicate  with  each  other ;  the 
semi-circular  canals  and  the  utricle  directly ;  the  sacculus  and 
the  ductus  cochlearis  through  the  canalis  reuniens  ;  the  utricle 
and  the  saccule  through  the  membranous  aqii'f^ductus  vestdndi, 
which,   being  connected  by  a  short   limb  with   each  sac,   passes 
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through  the  osseous  canal  of  the  same  name,  to  the  dura  mater, 
where  it  ends  in  a  dihated  extremity,  tlie  saccus  endo-h/mphaticiis. 
A  communication  between  the  sub-arachnoid  spaces  of  the  brain 
and  spinal  cord  and  the  peri-lymphatic  space  of  the  cochlea  is 
provided  by  the  ojiuceductus  cochlece,  while  the  arachnoid  sheath 
of  the  auditory  nerve  furnishes  a  passage  for  the  endolymph. 
The  perilymph  which  surrounds  the  saccule  is  in  contact  with 
the  membrane  of  the  fenestra  ovalis,  and  receives  from  it  the 
vibrations  of  the  air  in  the  tympanic  cavity.  A  lax  series  of 
connective  bands  traverses  the  fluid,  and  keeps  the  membranous 
parts  in  their  place. 

The  Vestibule  is  irregular  in  shape,  and  measures  about  one- 
fifth  of  an  inch  from  above  downwards  and  from  behind  forwards: 
from  its  outer  to  its  inner  wall,  the  distance  is  about  one-tenth  of 
an  inch.  The  cochlea  opens  into  it  in  front  by  a  single  opening  ; 
and  the  semi-circular  canals,  by  five  orifices  behind.  On  its  outer 
wall  is  the  fenestra  ovalis  ;  and  above  this,  the  anterior  opening 
of  the  anterior  semi-circular  canal.  Its  inner  wall  presents  several 
minute  apertures,  through  M-hich  a  portion  of  the  auditory  nerve 
enters  from  the  internal  auditory  canal.  At  the  posterior  part  of 
this  wall,  is  the  opening  of  the  aqua3ductus  vestibuli. 

The  openings  on  the  inner  wall  of  the  vestibule  are  about 
twenty  in  number,  and  are  collected  into  four  groups,  each  group 
constituting  a  macula  crihrosa.  Through  the  upper  macula,  the 
nerves  pass  to  the  utricle  and  to  the  ampullae  of  the  anterior 
vertical  and  horizontal  semi-circular  canals.  The  other  maxulce 
give  passage  to  the  nerves  for  the  posterior  semi-circular  canal, 
and  to  a  small  branch  of  the  cochlear  nerve.  At  the  anterior 
jDortion  of  the  vestibule  is  the  commencement  of  the  scala  vestibuli 
of  the  cochlea. 

The  outer  wall  of  the  vestibule,  which  separates  it  from  the 
cavity  of  the  tpnpanum,  is  perforated  by  the  fenestra  ovalig,  but 
this  aperture  is  so  completely  closed  by  the  base  of  the  stapes 
that  the  inner  surface  appears  quite  even.  At  the  fore  part  of 
the  inner  wall  is  a  small  round  pit,  the  fovea  liemisph erica,  which. 
is  limited  behind  by  a  vertical  ridge,  called  the  crista  vestilmli. 
Partly  in  the  roof  and  partly  in  the  inner  wall,  is  an  oval  depres- 
sion, the  fovea  liemielliptica,  the  inner  part  of  which  is  separated 
b}'  the  crest  from  the  hemispherical  fossa. 

The    Semi-circular    Canals    are    three   osseous   tubes,    situated 
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above  and  behind  the  vestibule,  into  which  they  open  by  five 
apertures,  the  contiguous  ends  of  two  of  the  canals  being  joined 
together.  They  are  unequal  in  length,  but  each  is  bent  so  as  to 
form  about  two-thirds  of  a  circle,  and  each  canal  has  at  one  end 
a  slightly  dilated  part,  or  amimlla. 

The  canals  differ  from  each  other  in  length,  direction,  and 
position  with  regard  to  the  vestibule,  and  each  canal  lies  in  a 
different  plane.  The  superior  canal  is  vertical  and  anterior,  and 
lies  across  the  petrous  bone.  It  forms  about  two-thirds  of  a 
circle,  and  its  extremities  are  more  divergent  than  those  of  the 
others.  It  rises  higher  than  an}^  other  part  of  the  labyrinth,  and 
its  place  is  indicated  by  a  smooth  elevation  on  the  anterior  surface 
of  the  petrous  bone.  The  ampullaj  is  on  the  outer  extremity  : 
the  opposite  end  opens  by  a  common  extremity  with  the  posterior 
semi-circular  canal  into  the  back  part  of  the  vestibule.  The 
posterior  semi-circular  canal  is  vertical  and  longitudinal  in  direc- 
tion, and  runs  parallel  to  the  posterior  surface  of  the  petrous 
bone,  and  therefore  at  right  angles  to  the  former.  It  is  the 
longest  of  the  three  tubes ;  its  amimlla  is  at  its  lower  extremity, 
and  its  opposite  end  terminates  as  above  described.  The  external 
semi-circular  canal  is  inferior  and  shorter  than  either  of  the 
others ;  its  arch  is  directed  horizontally  outwards,  and  it  opens 
by  two  distinct  orifices  into  the  upper  and  back  part  of  the 
vestibule. 

The  length  of  the  superior  vertical  canal  along  its  convex 
border  is  about  four-fifths  of  an  inch  ;  that  of  the  posterior  is  about 
eleven-twelfths  of  an  inch  ;  while  the  external  or  horizontal  measures 
only  one-fifth  of  an  inch.  The  diameter  varies  from  one-twentieth 
to  one-fifteenth  of  an  inch.  As  age  advances,  the  semi-circular 
canals  increase  in  length,  and  also  very  slightly  in  \\'idth. 

•  The  Cochlea  is  so  named  from  its  resemblance  to  a  common 
snail-shell.  It  lies  in  front  of  the  vestibule,  and  is  placed  almost 
horizontally ;  its  apex  is  directed  forwards  and  outwards,  its  base 
is  near  the  bottom  of  the  internal  meatus,  and  is  marked  by  a 
depression  with  a  spiral  arrangement  of  pores  for  the  reception  of 
the  cochlear  division  of  the  auditor}'  nerve.  From  its  base  to  its 
apex  extends  a  conical  axis  or  central  pillar,  the  modiolus  or 
columella,  which  is  perforated  bj^  many  channels,  through  which 
nervous  filaments  pass  in  regular  succession  to  the  spiral  cochlear 
canal  which  winds  round  the   axis.     This  canal  is  about  an  inch 
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and  a  liali  in  length,  and  diminishes  gradup.Uy  in  size  from  the 
base  to  the  apex,  where  it  ends  in  a  cul-de-sac.  At  its  com- 
mencement, it  is  about  one-tenth  of  an  inch  in  diameter,  but 
scarcely  half  that  size  at  its  termination.  At  its  base,  the  canal' 
presents  three  openinrjs  :  one  of  these  communicates  with  the 
vestibule;  another  is  the  fenestra  rotunda,  shut  off  from  the 
tympanum  by  a  membrane  :  while  the  third  is  the  opening  of 
the  ai[ua^ductus  cochlear,  which  leads  to  the  jugular  fossa  and 
transmits  a  small  vein.  The  spiral  canal  makes  about  two  turns 
and  a  half,  of  which  the  first  takes  the  widest  sweep,  so  as  to 
<?ncircle  most  of  the  second  turn. 

The  spiral  canal  of  the  cochlea  is  divided  into  two  parts 
or  passages  by  a  thin  osseo  -  membranous  lamina,  stretching 
between  its  modiolar  and  peripheral  wall,  and  on  which  the 
nervous  filaments  are  distributed.  This  lamina  is  made  up  of 
two  parts :  one.  a  brittle  osseous  process,  extends  from  the 
modiolus  :  the  other  part  is  membranous,  and  connects  the  outer 
thin  edge  of  the  osseous  zone  to  the  outer  wall  of  the  canal.  In 
this  way  a  complete  septum  is  formed  between  the  vestibular  and 
tympanic  openings  of  the  cochlea,  and  the  two  passages  into 
Avhicli  the  spiral  lamina  divides  the  canal  correspond  respectively 
to  those  chambers.  The  upper  passage,  towards  the  apex  of  the 
cochlea,  is  tenned  the  scala  vestihidi ;  the  lower,  towards  its  base, 
the  scala  ti/mpani.  In  the  last  half  turn  of  the  canal  the  spiral 
lamina  ceases,  and  the  two  scalae  communicate  by  a  common 
orifice  called  the  helicotrerna.  The  axis  terminates  in  a  delicate 
lamella  at  about  half  a  turn  from  the  dome-like  summit  or 
cupola.  This  lamella,  as  viewed  from  below,  resembles  a  funnel, 
open  on  the  side,  while  above  it  blends  with  the  cupola. 

Tlie  cavity  of  the  osseous  labyrinth  is  occupied  by  a  limpid 
fluid,  the  perihiniph,  so  called  from  its  surrounding,  in  the 
vestibule  and  semi-circular  canals,  a  hollow  membranous  appa- 
ratus, the  membranous  labyrinth,  which  latter  contains  a  similar 
fluid,   flie  enduJijini>li. 

The  Membranous  Semi-cii'cular  Canals  are  separated  by  the 
perilymph  from  their  osseous  case ;  their  concave  borders  are 
almost  adiierent  thereto,  but  the  remainder  of  their  circumferences 
is  at  a  s^reater  distance  from  the  bone,  and  is  connected  with  it  bv 
blood-vessels  and  connective  tissue.  ITiese  canals  have  the  same 
names,    shape,    and   arrangement    as    the    osseous    canals    which 
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inclose  them :  but  are  only  one-third  of  the  diameter  of  the 
latter.  As  the  osseous  canals  open  into  the  vesti1)ule.  so  the 
membranous  ones  open  at  both  extremities  into  the  utriculus, 
and  near  this  latter  structure  each  tube  presents  a  slightly  dilated 
part,  called  the  ampidla.  These  portions  are  closely  adapted  to 
the  surrounding  bone,  and  contain  in  their  interior  the  terminal 
ramifications  of  a  portion  of  the  vestibular  branch  of  the  auditory 
nerve.  The  remaining  part  of  this  division  of  the  nerve  passes  to 
the  sacculus  ellipticus  and  sacculus  rotundns  of  the  vestibule,  where 
it  is  distributed  to  certain  structures,  the  mac  nice  acasticui.  The 
other  portion  of  the  membranous  labyrinth,  the  cochlea,  contains 
the  terminations  of  the  second  branch  of  the  auditory  nerve, 
which  are  to  be  found  in  the  organ  of  Corti.  The  internal  ear 
may  therefore  be  said  to  present  six  parts  characterised  by 
peculiar  nerve-endings. 

The  membranous  semi-circular  canals  and  the  other  structures 
of  the  labyrinth  are  filled  and  kept  tense  by  a  watery  fluid,  the 
-endolymph.  In  the  recent  condition,  the  walls  of  these  structures 
are  quite  transparent ;  though  of  great  delicacy,  they  are  com- 
posed of  several  layers :  (1)  an  external  connective-tissue  layer 
Avhich  contains  the  vessels  ;  (2)  a  homogeneous  transparent 
basal  membrane,  lined  by  (3)  pavement  epithelium.  Close  to  the 
utricular  orifices  of  the  ampulla?,  and  on  the  surface  which  pro- 
jects from  the  convex  border  of  the  arch,  all  these  layers  become 
thickened,  and  form  a  prominence  in  the  cavity  resembling  a 
comb,  and  distinguishable  to  the  naked  eye  by  its  yellow  colour  : 
the  term  crLi<ta  acadica  is  applied  to  each  of  these  spots.  At 
certain  parts  of  their  walls,  the  utricle  and  saccule  present  similar 
•changes  ;  in  each  of  these  cavities  there  are  two  enlargements, 
sharply  circumscribed,  roundish  in  form  and  whitish  in  colour. 
Tha  fibres  of  the  vestibular  branch  of  the  auditory  nerve  can  be 
traced  to  these  spots  in  the  ampulla?,  utricle,  and  saccule,  and  are 
here  found  to  terminate  in  a  peculiar  manner. 

The  fibrils  which  enter  the  macidce  and  the  cristcv  acusticce 
form  a  close  dendroid  plexus  in  the  memhrana  proijria ;  there  are 
no  terminal  loops,  but  the  fibrils,  without  exception,  pass  to  the 
basal  membrane  and  the  epithelial  layer.  In  the  former  they 
lose  their  medullary  and  connective  tissue  sheath,  and  present 
•only  axis  cylinders.  A  longitudinal  section  of  an  ampulla  exhibits 
the  following  structural  arrangements ;  about  the  middle  of  the 
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concavity  there  is  a  crescentic  projection,  the  crista  acustica, 
which  on  section  appears  conical  or  niushroom-sliaped.  Its 
extremity  is  formed  by  the  epithelial  coating,  which  covers  the 
wall  of  the  ampulla;  and,  where  the  latter  becomes  free,  is 
converted  into  a  closely  adherent,  thick  mass  of  cells,  from  the 
surface  of  which  long  stiff  bristles  project  in  a  radiating  manner. 
The  trunk  of  the  ampullary  nerve  runs  in  a  portion  of  the  wall 
from  AN'hich  the  crest  rises  ;  and  as  soon  as  it  reaches  the  base  of 
the  latter,  its  fibres  gradually  turn  inwards,  and  continue  as  broad 
medullary  fibres  to  the  epithelial  margin  of  the  swelling,  where 
they  are  lost  to  vie^^^  After  removal  of  the  thick  epithelial  laj^er 
of  the  crista,  these  fibres  may  be  seen  to  break  up  suddenly  into 
close  broom-like  tufts  of  very  fine  fibrils,  destitute  of  a  medullary 
sheath,  which  run  towards  the  free  surface  of  the  epithelium. 

The  above  account  is  based  on  ^f.  Schultze's  researches, 
published  about  thirty  years  ago ;  the}^  have  been  somewhat 
modified  and  expanded  by  subsequent  observers.  Schultze 
thought  that  the  bristles  originated  between  the  epithelial  cells  of 
the  crista ;  but  Hartmann  has  sllo^vn  that  the}'  are  firmly  adherent 
to  the  cells  which  form  their  bases.  Cells  bearing  stiff  bristles  are 
not  confined  to  fishes  ;  they  are  found  also  in  the  human  subject. 
Certain  deviations  exist  in  some  classes  of  animals  :  in  ])teropods. 
the  hairs  or  bristles  are  very  abundant ;  in  fishes,  birds,  and 
mammalia,  only  a  single  bristle  is  connected  with  each  epithelial 
cell.  The  term  "  bristle-cell  "  is  applied  to  tliese  structures,  to 
distinguish  them  from  ciliated  cells  bearing  true  vibratile  cilia. 
The  crista  acustica  is  coated  by  a  single  layer  of  cylindrical 
epithelium,  ^^•hich,  by  gradual  transitions,  replaces  the  pavement 
cells  of  the  remainder  of  the  ampullary  wall.  The  perfectly 
developed  cylindrical  cells  are  divided  into  two  sharpl}'  defined 
groups,  viz.,  epithelial  cells  A\'ithout  hairs  (supporting  cells),  and 
bristle-cells.  The  former  are  represented  by  small  truncated 
cones,  whose  blunt  terminations,  often  indented,  are  firmly 
adherent  to  the  connective  tissue  basis,  while  their  In-oader 
extremities  project  into  the  ampulla,  saccule,  or  vestibule.  The 
cells  belonging  to  the  second  category  have  a  flask-like  shape,  and 
at  their  free  borders  there  is  a  peculiar  lid-like  structure  which 
strongly  refracts  the  light  (the  basal  seam),  beyond  which  there  is 
a  stiif  bright  prolongation  consisting,  according  to  Retzius,  of 
many  minute   fibres.     The  epithelial  cells   proper  often   contain 
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yellowish  pigment-granules,  which  give  a  peculiar  tint  to  the 
maculiT  and  crista.  The  cells  of  both  kinds  are  so  arranged  that 
almost  eveiy  hair-cell  is  surrounded  by  five  cylindrical  cells. 

The  histological  peculiarities,  just  described,  of  the  epithelium 
of  the  cnst(F.  are  repeated  in  the  epithelium  of  the  maculfe 
nAni.$tk(F.  and  the  terminations  of  both  branches  of  the  auditory 
nerve  are  alike  in  the  fact  that  their  cilia  are  enveloped  in  a  semi- 
fluid, tenacious  substance  which,  after  treatment  with  certain 
reagents,  stiftens  so  as  to  resemble  a  membrane,  which  has 
received  the  name  of  cupula  tenninalis.  There  is  only  this 
important  difterence  between  the  two  parts,  that  the  mucous 
stratum  of  the  macular  acusticce.  on  its  free  surface  which  is 
washed  by  the  endolpnph,  is  strewn  over  with  many  small  con- 
crements.  of  an  inorganic  nature,  the  so-called  '*  otoliths,"  which 
are  wanting  in  the  ampullae.  The  otoliths  are  composed  partly  of 
many  small  amorphous  and  crystalline  bodies,  and  partly  of  large 
bunches  of  ciystals  of  carbonate  of  lime.  The  chalk-like  tint  of 
the  maculre  acusticre  is  due  to  these  bodies. 

With  regard  to  the  relations  of  the  nen*es  to  the  crista^  and 
macuJcp  acusticce.  there  is  the  same  obscurity  as  that  in  which 
the  question  of  the  peripheral  termination  of  other  nerves  is 
involved.  Tlie  assertion  is  sometimes  made  that  the  axis- 
cylinders,  devoid  of  medulla,  or  the  axis-fibrils,  pass  directly  into 
the  substance  of  the  hair-cells ;  but  a  very  intimate  connection, 
without  fusion,  is  more  often  described.  At  any  rate,  all  the 
histological  facts  at  present  known  lead  us  to  regard  the 
modified  epithelial  forms  of  the  bristle-cells  as  the  proper 
terminal  apparatus  of  the  auditory  nerve  in  the  vestibule. 

The  second  portion  of  the  auditor}'  nerve,  the  cochlear  branch, 
contains  a  large  number  of  medullary  fibres.  Connected  with  it 
is  •'  Corti's  organ."  which  includes  not  only  the  nervous  terminal 
apparatus,  but.  as  in  the  vestibule,  hair-cells,  which  receive  the 
last  prolono^ations  of  the  auditory  nerve.  It  is  unnecessaiy  to 
descrilie  all  the  investigations  that  have  been  made  into  the 
histological  structure  of  Corti's  organ  ;  it  is  sufl&cient  to  mention 
those  points  which  have  a  special  physiological  significance. 

The  canal  of  the  cochlea  is  divided  into  two  distinct  spaces, 
separated  by  bony  and  membranous  septa.  The  principal  septum 
is  the  lamina  spiralis,  which  is  composed  of  a  portion,  the  zona 
ossea,  proceeding  from  the  modiolus,  and  a  membranous  layer,  the 
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7.ona  inemhranacea  or  memhrana  hasilaris,  attaclied  to  tlie  external 
border  of  the  latter,  and  to  the  outer  wall  of  the  cochlea.  For- 
nierl}^  this  septum  was  the  only  one  that  was  recognised ;  and  the 
portion  of  the  canal  above  it  was  called  the  scala  vesWmli,  the 
portion  below  it,  the  scala  tijmpani.  There  is,  however,  a  third 
membranous  septum,  first  properly  described  by  Reissnei',  and 
named  by  Kolliker,  Reissner's  membrane,  which,  springing  from 
the  upper  surface  of  the  zona  ossea,  close  to  its  outer  border, 
stretches  obliquely  towards  the  outer  wall  of  the  cochlea,  cutting 
off  a  third  canal  between  the  scala  vestibuli  and  scala  tympani, 
termed  the  canalis  or  ductus  cochlearis,  or  the  scala  media.  All 
three  canals  are  filled  with  endolymph.  The  middle  one  contains 
Corti's  organ,   with  the   termination   of  the   cochlear  nerves. 

The  osseous  portion  of  the  lamina  spiralis  is  traversed  in  its 
interior  by  a  system  of  anastomosing  canals,  which  run  together 
to  a  cleft  situated  close  to  its  outer  border,  and  dividing  it  into 
two  laminae.  In  these  canals,  and  in  the  marginal  cleft,  run  the 
cochlear  nerves  radiating  from  the  modiolus,  which  they  enter  by 
a  number  of  fine  openings  arranged  in  a  spiral,  the  perforate 
spiral  tract.  The  spiral  shape  is  due  to  the  linear  extension  of 
the  cochlear  tube,  and  of  these  nerves  which  have  increased  in 
number  while  constrained  in  capacity  of  linear  extension.  The 
lamina  spiralis  is  simply  the  projecting  plate  around  the  nerves  as 
they  pass  to  their  distribution  in  the  cochlear  canal  (Macalister). 
The  perilymph  enters  through  the  scala  vestihidi,  and  passes  down 
the  helicotrema  to  the  sccda  tijmpani,  whence  its  escape  is  pre- 
vented by  the  memhrana   tijmpani  secundaria. 

In  the  cochlea  the  acoustic  area  is  continued  as  a  stripe  along 
the  wall  of  the  cochlear  canal.  The  canal  itself  is  roughly  tri- 
angular on  section  :  one  side,  the  most  vascular,  is  attached  to 
the  outer  convex  whorl ;  the  second  (Reissner's  membrane)  ex- 
tends from  this  to  form  the  floor  of  the  scala  vestibuli ;  while  the 
third,  stretching  to  the  tympanic  edge  of  the  lamina  spiralis, 
forms  the  roof  of  the  scala  tympani.  On  the  osseous  portion, 
the  projecting  crista  spircdis  is  prolonged  above  and  below,  and 
forms  a  notch,  the  sidcus  spircdis  interniis.  The  upper  or  vestibular 
lip  is  covered  by  a  cuticular  structure,  Corti's  membrane  ;  while  the 
lower  or  tympanic  lip  passes  into  the  memhrana  hasdaris.  which 
extends  over  the  membranous  lamina  spiralis,  and  supports  the 
peculiar  epithelial  structure,   known   as  Corti's  organ. 
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At  the  ending-  of  the  lain  urn  ti/mpanicuiu  the  auditory  nerve- 
fibres  pass  through  foramina  in  the  basilar  membrane,  and,  devoid 
of  their  mt-dullary  cylinders,  they  reach  Corti's  organ  and  the 
neuro-epithelial  cells.  In  the  lamina  sjdraUs  ossea,  the  auditory 
nerve  runs  to  the  zo/tft  perforata  in  the  lahium  fi/mj'anicitm. 
Corresponding  to  the  vestibular  lahium,  the  crista  spiralis  is 
furnished  with  radiating  ridge-like  elevations,  termed  "  auditory 
teeth,"  the  number  of  which  is  estimated  at  about  2,500.  Besides 
having  a  connective  tissue  stroma  and  a  periosteal  layer,  the  crista 
sinralis,  which  contains  many  vessels,  is  likewise  covered  by  a 
glassy  stratum  in  which  no  cells  can  be  discovered. 

The  memhrana  hasilaris  extends  from  the  lahium  tumpaniciim 
of  the  crista  spiralis  to  the  lir/araentum  spirale.  Eising  from  its 
surface  is  the  Org-an  of  Corti,  composed  of  Corti's  pillars,  which 
converge  and  meet  alcove  so  as  to  form  a  series  of  arches,  whose 
base  is  the  tympanal  wall.  Between  the  lower  ends  or  feet  of 
the  pillars  is  a  strip  called  the  zonco  arcuata,  and  extending 
outwards  as  far  as  the  ligamentum  spirale  is  the  zona  pectinata. 
The  membrana  propria  presents  radiating  streaks,  caused  by 
fibres  running  in  a  definite  direction.  These  are  termed 
basilar  fibres  or  auditory  cords,  and  are  most  marked  in  the 
zona  pectinata. 

On  the  lahium  vestihulare  of  the  crista  spiralis  cylindrical  cells 
are  placed  between  the  "auditory  teeth."'  and  are  in  immediate  con- 
tact with  the  flat  pavement  epithelium  of  the  sulcus  spiralis.  On  the 
lahium  tiimpanicum,  the  inner  supporting  cells  appear  as  eleva- 
tions from  the  epithelium,  and  the  inner  series  of  rods  appear 
between  these  cells  and  the  inner  pillars  of  Corti.  These  latter 
and  the  outer  pillars  are  slightly  curved  in  the  shape  of  the 
letter  S,  and  their  upper  and  lower  extremities  are  larger  than 
the  connecting  portions.  The  inner  pillars  are  somewhat  shorter 
than  the  outer.  They  number  about  5,600,  while  the  outer  are 
estimated  at  3,850.  Each  of  the  latter  is  in  contact  with  two 
or  three  inner  ones.  Connected  with  the  outer  pillars  are  four 
rows  of  rod-shaped  cells  (Corti's  cells)  ;  these  are  furnished  with 
hairs,  and  alternate  with  Deiter's  cylindrical  cells  which  are  devoid 
of  such  prolongations.  Next  to  these  come  the  external  sup- 
porting cells  (Hensen),  and  lastly  some  small  cells,  which  diminish 
in  size  as  they  pass  into  the  cylindrical  epithelium  of  the  zona 
pectinata.     Corti's  tunnel  is  an  intercellular  space  filled  with  fluid. 
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Fine  nerve  fibres  pass  from  within  outwards  through  the  intervals 
between  the  pillars  to  reach  Corti's  cells. 

The  inner  and  outer  rods  are  furnished  with  fine  prolonga- 
tions, which  are  not  hairs ;  they  penetrate  the  cuticular  disk- 
like side  of  the  cells.  In  the  outer  rods,  the  phalangeal  prolon- 
gations of  the  external  pillars  and  the  terminations  of  Deiter's 
cells  form  a  cuticular  layer,  the  lamina  reticularis,  which  is 
penetrated  b}"  the  rods.  Between  everj  two  rows  of  these  cells  is 
a  space  filled  with  fluid,  and  a  similar  arrangement  exists  between 
the  outer  columns  and  the  first  row  of  the  outer  rods. 

Corti's  membrane,  the  memhrana  tedoria,  extends  from  the 
tympanal  commencement  of  Reissner's  membrane  to  the  last 
series  of  the  external  rods.  The  substance  of  the  membrane  is 
stratified,  but  quite  homogeneous ;  the  tissue  is  a  cuticular  forma- 
tion, having  its  origin  in  the  epithelium  of  the  limhus  lamince 
spiralis. 

The  phj'siological  importance  of  Corti's  cells  and  of  their 
hair-like  prolongations  becomes  the  more  intelligible  when  they 
are  compared  with  the  maculce  and  cristce  acasticce.  and  on 
considering  their  intimate  connection  with  the  axis-cylinders  of 
the  nerves  in  close  contact  with  them.  The  cells  of  Corti  with 
their  projecting  hairs  may  be  assumed  to  be  the  terminal 
apparatus  of  the  cochlear  nerves.  The  connection  has  not  been 
absolutely  demonstrated ;  no  statements  have  been  made  with 
regard  to  the  relations  of  the  outer  cells  of  Corti  to  the  terminal 
nervous  fibrils ;  it  is  alleged  by  Lavdowski  that  the  middle 
portion  of  each  inner  hair-cell  is  penetrated  by  an  axis-fibril. 
According  to  Retzius,  the  number  of  the  inner  hair-cells,  which 
are  arranged  in  one  row,  reaches  in  the  human  subject  3.500  ; 
that  of  the  outer,  which  are  arranged  in  three  or  four  ro^^•s,  may 
be  estimated  at  12,000.  The  principal  trunk  of  the  cochlear  nerve 
is  to  be  found  in  the  axis  or  modiolus  of  the  cochlea.  The 
bundles  of  fibres  given  off  from  it  penetrate  the  anastomosing 
clefts  in  the  lamina  ossea  along  its  whole  length,  and  form  therein 
a  close  plexus,  which  runs  towards  the  outer  border  of  the  osseous 
band.  Not  far  from  this  border  many  closely  packed,  small, 
bipolar  ganglion-cells  are  inserted  between  the  fibrils,  each 
ganglion  being  probabh'  traversed  by  a  primitive  nerve-fibre. 
On  leaving  the  ganglia,  the  nerve-fibres  at  first  constitute  a 
network,  but  afterwards  they  run.  parallel  to  each  other,  to  the 
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border  of  the  lamina  ossea,  then  pass  through  openings  in  the 
It.aJtenula  perforata  to  the  cochlear  canal,  and  appear  as  fine 
varicose  fibrils  devoid  of  a  medullary  sheath,  and  resembling  the 
terminations  of  the  A'estibular  nerves  in  the  epithelium  of  the 
cristce  acustme,  and  like  portions  of  the  olfactory  nerve  in  the 
olfactory  mucous  membrane.  One  portion  is  directed  immediately 
outwards,  between  the  inner  rods  of  Corti  and  the  supporting- 
cells  which  surround  them ;  while  another  portion  unites  to  form 
loose  bundles,  which  wind  round  the  turns  of  the  cochlea.  From 
these  latter,  fibrils  pass  through  the  clefts  between  the  outer  rods 
of  Corti  into  the  tunnel  of  the  cochlea,  and  form  a  second  com- 
pact spiral  strand,  from  which  delicate  sets  of  fibrils  are  given  off 
in  radiating  lines.  These  fibrils  cross  the  tunnel  and  pass 
through  the  clefts  between  the  outer  rods  of  Corti  to  the  outer 
hair-cells,  where  they  again  become  spiral  and  terminate,  in  a 
manner  as  }'et  unknown,  between  the  outer  cells. 

Keissner's  membrane,  or  the  vestibular  wall  of  the  ductus 
■cochlearis,  begins  at  the  limbus  of  the  osseous  spiral  lamina,  and 
ends  at  the  vestibular  border  of  the  outer  wall  C)f  the  duct.  It 
consists  of  an  extremely  delicate  connective-tissue  layer,  either 
structureless  or  faintly  striated,  its  vestibular  surface  is  covered 
b}'  a  simple  layer  of  endothelium,  with  a  few  spindle-shaped  cells, 
sometimes  containing  pigment ;  ^vhile  its  tympanal  surface,  which 
looks  towards  the  cavity  of  the  ductus  cochlearis,  is  lined  by 
polygonal  flattened  cells.  Reissner's  membrane  is  curved  and 
bulges  into  the  scala  vestibuli,  the  curvature  being  the  result  of 
unequal  pressure  on  the  two  sides.  Pressure  upon  the  inferior 
surface  can  be  more  easily  rectified  by  escape  of  fluid  through 
the  aquseductus  cochleae,  and  the  tension  of  this  wall  is  there- 
fore less. 

Blood-Vessels  of  the  Internal  Ear.  —  The  internal  auditory 
■arte I'll  is  a  branch  of  the  basilar ;  it  passes  with  the  seventh  pair 
of  nerves  into  the  internal  meatus,  and  divides  into  a  vestibular 
and  cochlear  branch.  The  latter  breaks  up  into  several  small 
twigs,  which  pass  through  the  openings  in  the  tractus  spiralis, 
and  between  the  layers  of  the  spiral  lamina,  and  are  finally 
distributed  to  the  structures  of  the  cochlea.  The  lary-est  branch 
runs  in  the  central  canal  of  the  cochlea.  The  artery  to  the 
vestibule  divides  into  small  branches  which  pass  through  the 
2)Osterior    wall    of    the    vestibule,    and    are    distributed    to    the 
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structures  it  contains  and  to  the  semi-circular  canals.  Eacli  of 
the  latter  receives  two  branches,  one  at  its  anipullary.  and  the 
other  at  its  nun-ainpullary  extremity ;  these  anastomose  with  each 
other  on  the  curvatures  of  the  canals.  The  labyrinth  also  receives 
a  few  branches  from  the  stylo-mastoid  artery. 

The  veins  have  the  same  names  as  the  arteries,  and  unite  at 
the  bottom  of  the  internal  meatus  to  form  the  commencement  of 
the  internal  auditory  vein,  which  opens  into  the  superior  petrosal 
sinus.  It  is  doubtful  whether  any  veins  pass  through  the  aquge- 
ductus  vestibuli  and  cochlece.  Nothing  can  be  definitely  stated 
with  regard  to  the  lymphatics  of  the  internal  ear. 

The  Origin  of  the  Auditory  Nerve. — Many  investigations  have 
been  made  for  the  purpose  of  discovering  the  deep  origin  of  the 
auditory  nerve ;  according  to  Politzer,  the  recent  researches  of  S. 
Freud*  have  thrown  much  light  upon  this  very  difficult  question. 
A  transverse  section  through  the  medulla  oblongata  close  to  the 
lowest  part  of  the  auditory  nerve,  and  through  the  apex  of  the 
large  olive,  shows  that  this  nerve  occupies  an  external  area  of  the 
medulla,  which  extends  to  the  large  ascending  root  of  the 
trigeminus,  and  contains  a  section  of  the  restiform  body.  Above 
and  internal  to  the  latter  is  a  distinct  area,  which  Freud  attributes 
to  the  auditory  nerve,  and  which  is  called  Deiter's  nucleus.  At 
the  outer  corner  it  presents  a  large  nucleus  of  the  auditory  nerve 
(the  anterior  or  external  nucleus),  and  cross  sections  of  nerve- 
fibres. 

Bundles  of  the  auditory  nerve-fibres  are  seen  to  arise  from 
spots  just  above  those  involved  in  this  section,  and  pass  through 
the  restiform  body.  Other  portions  of  the  nerve,  occupying  the 
space  between  the  anterior  nucleus  and  the  section  of  the  large 
i'oot  of  the  fifth  nerve,  pass  directly  into  the  lateral  area  of  the 
grey  floor  of  the  fourth  ventricle.  These  latter  fibres,  the  central 
portions  of  the  nerve,  belong  to  the  vestibular  division,  and  not  to 
the  auditory  nerve  proper.  These  vestibular  nerves  can  be  traced 
at  the  lower  border  of  the  pons,  the  facial  nerve  and  the  sixth 
a2:)pearing  on  the  inner  side.  Deiter's  nucleus,  or  the  inner 
portion  of  the  peduncle  of  the  cerebellum,  cannot  be  traced  any 
further  ;  but  the  fibres  which  it  contains  bend  round  and  pass 
into  the  auditory  nerve.  The  margin  which  separates  it  from  the 
pons  is  formed  by  a  somewhat  thick  transverse  bundle,  which  is. 
*  Monatm-hri/tfiir  Ohrenhcilhiinde,  1SS6,  No.  S,  u.  9. 
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easily  demonstrated  in  animals,  and  is  visible  in  the  human  brain, 
thongli  covered  bv  fibres  of  the  pons.  It  arises  in  the  anterior 
auditory  nucleus,  and.  therefore,  as  an  indirect  prolongation, 
belongs  to  the  auditory  nerve  proper,  and  crosses  the  median 
line.  It  terminates,  at  least  in  part,  in  a  grey  mass,  the  superior 
olive,  \vhich  is  proved  by  its  connections  with  other  parts  to  be 
the  reflex  ganglion  of  the  auditory  nerve.  Other  central  con- 
nections of  the  auditory  and  vestibular  nerves,  the  phrcp  arcuotiP. 
pass  across  the  raphe.  Among  these,  the  so-called  stri(F  ncusticcp^ 
which  are  more  or  less  clearly  marked  on  the  floor  of  the  fourth 
ventricle,  have  attracted  particular  notice.  They  are.  however. 
not  the  roots  of  the  auditory  nerve,  but  central  prolongations, 
probably  from  the  anterior  nucleus. 

The  following  are  the  principal  facts  that  have  been  ascer- 
tained with  regard  to  the  origin  and  central  prolongations  of  the 
auditory  nerve.  Its  two  portions,  labyrinthine  and  vestibular, 
arise  from  the  grey  masses,  already  described,  in  the  medulla 
oblongata,  and  closely  resemble  a  posterior  spinal  nerve  ;  most  of 
its  central  prolongations  pass  across  the  raphe.  The  most  external 
and  posterior  portie>n,  the  auditor}'  nerve  prc>per.  ends  in  the  large 
anterior  nucleus,  and  its  prolongations  therefrom  are  seen  as 
bundles  which  pass  round  the  restiform  liodies  towards  the  raplie. 
and  have  not  been  traced  any  turther.  while  other  flbres  pass  into 
the  thick  transverse  bundle,  already  mentioned.  This  latter  is 
composed  of  several  constituents  :  one  portion  connects  the  borders- 
of  the  anterior  nucleus  together :  another  bundle  goes  to  the 
superior  olive  of  the  same  side,  and  a  thicker  strand  to  the  same 
part  on  the  opposite  side ;  while  some  bundles  are  supposed  to 
pass  downwards,  towards  the  spinal  cord.  The  superior  olive 
appears  to  be  the  ganglion  through  which  auditory  impressions, 
produce  reflex  movements  of  the  eyes :  it  is  connected  with  the 
nucleus  of  the  sixth  nerve,  and  also  with  the  posterior  corpora 
C|uadrigemina. 

A  second  portion  of  the  auditory  nerve  passes  into  fibres  which 
are  distributed  in  Deiter  s  nucleus,  and  originate  therefrom.  This 
portion  is  morphologically  significant :  it  forms  the  ascending- 
root,  which  the  nerve  possesses  in  common  with  the  fifth  and 
the  facial  nerves. 

A  third  portion,  consisting  of  the  central  and  superior  fibres, 
furnishes  the  nerves  to  the  semi-circular  canals.     It  runs  partly 
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tliroiigli  and  partly  on  tlie  inner  side  of  tlie  restiform  body,  and 
terminates  in  the  inner  auditory  nucleus,  which  replaces  Deiter's 
nucleus  wlien  the  latter  becomes  atrophied.  The  further  connec- 
tions of  the  vestibular  nerves  are  as  follows  : — the  fibres  to  tlie 
canals  are  connected  with  the  nucleus  of  the  sixth  nerve  and  cross 
the  raphe ;  these  produce  the  ocular  movements  in  giddiness  ;  a 
bundle  of  fibres  proceeds  downwards  to  the  spinal  cord,  and  other 
bundles  pass  round  the  sides  of  the  ventricle  to  the  opposite 
central  ganglia  of  the  cerebellum. 

The  Physiolog^y  of  the  Labyrinth. — The  labyrinth  consists  of  a 
cavity,  of  very  complicated  shape,  filled  with  fluid  and  surrounded 
by  firm  osseous  ^\'alls.  In  the  latter  are  two  openings  into  the 
tympanum,  of  which  one,  the  fenestra  ovalis,  in  the  vestibule, 
is  closed  b}-  the  base  of  the  stapes;  the  other,  the  fenestra  rotunda, 
•opens  into  the  cochlea,  and  is  closed  b}^  the  so-called  memhrana 
ft/mpani  secundaria.  The  osseous  labyrinth  contains  the  mem- 
branous structures  and  the  terminations  of  the  nerves.  The 
sonorous  vibrations  reach  the  latter  either  in  the  form  of  fluid 
undulations  which  are  transmitted  by  the  perilymph  and  en- 
dohanph  of  the  labyrinth,  or  directly  as  condensation  and  expan- 
.sion  waves  which  are  conducted  by  the  solid  walls  of  the  osseous 
labyrinth  to  the  membranous  structures  and  nerves.  The  dis- 
placement of  the  perilj'mph  is  greater  for  low  than  for  high  tones  ; 
the  latter  causing  only  the  slightest  movements  in  the  fluid  of  the 
labyrinth.  The  normal  and  essential  route  for  sonorous  vibrations 
in  the  human  subject  is  through  the  membrana  tympani  and  the 
chain  of  bones  ;  and  the  undulations  of  the  fluid  in  the  labyrinth, 
■caused  by  the  movements  of  the  base  of  the  stapes  in  the  fenestra 
ovalis,  are  the  necessary  excitants  of  auditory  perception.  All 
undulations,  starting  from  the  stapes,  must  be  propagated  in  every 
direction,  and  traverse  all  parts  of  the  labyrinth,  that  is  to  say,  not 
•onl}^  the  vestibule  and  semi-circular  canals,  but  also  the  entire 
tube  of  the  cochlea.  They  are  transmitted  from  the  vestibule 
along  the  scala  vestibuli  to  the  apex  of  the  cochlea  and  the  fluid 
in  the  scala  tympani,  and  thence  to  the  fenestra  rotunda,  while  a 
second  route  from  the  scala  vestibuli  is  through  the  fluid  in  the 
cochlear  canal.  It  is  owing  to  the  elasticity  of  the  membrane 
•covering  the  fenestra  rotunda,  which  yields  to  the  pressure  of 
the  fluid  of  the  labyrinth,  that  the  base  of  the  stapes  is  able  to 
move.     The  membrane  of  the   fenestra   rotunda    is    incapable   of 
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receiving"  sonorous  vibrations  from  the  air  in  the  tympanum  and 
of  convevino"  them  to  the  cochlea. 

The  fanctions  of  the  various  portions  of  the  internal  ear  will 
now  be  considered  in  detail.  The  utricle  and  the  sccjcide  are 
^supposed  to  be  adapted  for  the  perception  of  noises,  as  dis- 
tinguished from  tones,  the  perception  of  which  is  thought  to  be 
the  function  of  the  cochlea.  It  would  appear,  however,  from  the 
results  of  experiments,  that  these  parts  have  a  share  at  least  in 
the  perception  of  tones ;  in  some  heteropods  examined  by  Hanke, 
when  certain  notes  were  sounded,  the  auditory  hairs  were  seen  to 
vibrate  freely,  and  to  cause  movements  of  the  otoliths.  Politzer 
also  refers  to  some  experiments  by  Hensen,  on  the  auditory 
apparatus  of  crabs ;  when  certain  delinite  sounds  were  produced, 
a  certain  number  of  hairs  were  thrown  into  vibrations.  Such 
experiments  prove  that  not  only  noises  but  sounds  of  various 
pitch  affect  the  terminal  apparatus  in  the  macuhe  and  ciif^t(e 
aciisiica'  of  the  vestibule  and  ampulla^. 

The  Semi-circular  Canals. — Opinions  have  differed  veiy  widely 
as  to  the  functions  of  the  semi-circular  canals.  At  one  time  they 
were  regarded  as  the  organ  through  A\hicli  the  direction  of  sounds 
was  estimated;  according  to  another  theory,  they  are  not  con- 
cerned in  the  perception  of  sound,  but  are  the  organs  through 
which  co-ordinated  movements  are  performed.  As  a  matter  of 
fact,  such  tubes  containing  air  and  water,  ^^•ill  conduct  sonorous 
vibrations  without  loss  of  force;  and  vibrations,  passing  in  the' 
axes  of  the  canals,  must  necessarily  reach  the  nervous  structures 
of  the  ampulla?.  It  is,  however,  prett}^  clear  that  the  tubes  are 
not  designed  to  fulfil  this  purpose,  for  the  vibrations  can  reach  the 
ampullae  direct  from  the  vestibule.  The  fact  must  not  be  over- 
looked that  these  portions  of  the  canals  are  furnished  with 
peculiar  nervous  structures,  which  are  certainly  adapted  for  the 
perception  of  sound.  According  to  another  view,  the  canals 
receive  the  vibrations  which  are  conducted  by  the  bones  of  the 
head,  and  convey  them  to  the  nervous  expansions  in  the  ampulla?. 
This  theory  of  their  functions  was  based  upon  their  form  and 
position;  from  whatever  direction  a  sonorous  vibration  may 
traverse  the  cranial  bones,  it  must  impinge  upon  one  or  other 
of  the  canals  almost  or  quite  at  a  right  angle.  In  the  human 
subject,  however,  the  bones  constitute  a  very  subordinate  channel 
for  the  conduction  of  sonorous  vibrations,  and  it  is  very  unlikely 
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that  the  functions  of  the  canals  should  be  thus  restricted.  Equally 
improbable  is  the  theory  which  assigns  to  the  canals  the  faculty  of 
conveying  impressions  as  to  the  direction  of  sounds  ;  this  latter  is 
determined  by  the  relation  of  the  meatuses  to  the  source  of  the 
stimulus  to  the  auditory  nerves. 

The  well-known  experiments  of  Flourens  prove  that  destruc- 
tion of  the  membranous  canals  is  attended  by  consequences 
unconnected  with  the  sense  of  hearing,  and  that  it  causes  svm- 
ptoms  generally  described  as  vertigo.  Admitting  that  the 
phenomena  in  question  are  due  to  the  injury  of  the  canals  alone, 
it  by  no  means  follo^vs  that  the  nervous  expansions  in  the  cristr^ 
acusticce  play  no  part  in  the  reception  of  sonorous  impressions. 

In  Flourens'  experiments,  which  have  been  often  repeated, 
one  or  more  semi-circular  canals  ^^-ere  divided  on  one  or  both 
sides,  pigeons  being  usually  selected  for  the  operation.  The 
results  appeared  in  the  form  of  movements,  divisible  into  three 
classes.  In  the  first,  there  were  to-and-fro  pendulum-like  move- 
ments of  the  head,  associated  with  intermittent  oscillations  of  the 
eyes.  In  a  second  set,  the  pigeon  moved  round  in  a  circle ;  while 
in  a  third  form,  the  head  was  bowed  down  so  as  to  come  in  contact 
with  the  ground,  and  the  beak  was  directed  backwards.  Vomit- 
ing is  generally  superadded  to  the  other  symptoms.  The 
pendulum-like  movements  differ  according  as  different  canals 
are  divided ;  thus,  when  the  horizontal  canal  is  injured,  the  move- 
ment is  also  horizontal  to  the  left  and  right  :  injury  to  a  vertical 
canal  is  folloA\'ed  l^y  an  up-and-down  movement ;  and  when  both 
classes  of  canals  are  injured,  the  two  kinds  of  movements  are 
combined. 

Opinions  differ  as  to  the  relations  existing  between  the  injuries 
and  the  motor  phenomena;  some  observers  think  that  the  latter 
are  due  to  the  altered  conditions  of  excitement  of  the  ampullary 
expansions  of  the  nerves,  while  others  assert  that  they  are  caused 
by  injur}'  to  adjacent  parts  of  the  cerebellum.  Those  who 
advocate  the  first  theory  differ  as  to  the  manner  in  which  the 
canals  are  affected,  some  supposing  that  the  disordered  movements 
are  due  to  the  decrease  in  the  stimuli  which  normally  originate  in 
the  influence  of  the  labyrinthine  fluid,  and  vary  with  the  position 
of  the  head.  According  to  another  view,  the  injury  produces 
fresh  irritation  of  the  peripheral  apparatus,  and  this,  being  trans- 
mitted to  the  cerebrum,  causes  the   peculiar  movements.     Goltz 
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believes  that  the  pressure  of  the  endolyniph  upon  the  ampullary 
endings  of  the  nerves  varies  with  the  position  of  the  head ;  others 
suppose  that  movement  of  the  endolympli  is  always  associated 
Avith  movement  of  the  latter  part.  The  mechanical  irritation, 
thus  produced,  must  vary  in  the  different  ampulla?  with  the  cranial 
movements,  and  hence  it  gives  rise  to  specific  sensations  in  the 
central  oro-ans.  enablino-  animals  and  human  beino-s  to  form  correct 
ideas  as  to  the  position  of  the  head.  AVlien  the  endolympli 
escapes,  as  the  result  of  injury,  the  normal  stimulus  to  the 
ampullary  nerves,  and  the  necessary  condition  for  the  discharge  of 
their  functions,  is  either  lessened  or  altogether  abolished ;  and  the 
absence  of  any  message  from  the  periphery  renders  the  animal 
incapable  of  estimating  the  position  of  its  head.  The  resulting 
sensation  of  vertigo  is  the  final  cause  of  the  pendulum-like  and 
other  movements.  Goltz  therefore  regards  the  semi-circular  canals 
as  specific  sense-organs  for  maintaining  the  position  of  the  head, 
and  indirectly  for  the  equilibrium  of  the  whole  body. 

Another  view,  of  a  somewhat  similar  character,  is  that  main- 
tained by  Cyon.  He  assumes  that  the  disorder  of  equilibrium 
is  due  to  the  vertigo,  but  he  thinks  that  the  latter  is  the  result 
of  the  auditory  sensations  which  arc  transmitted  by  the  ampullary 
nerves  now  placed  under  abnormal  conditions  of  excitement. 
The  movements,  however,  continue  during  sleep,  and  this  fact 
tends  to  show  that  they  cannot  be  due  to  sensations  of  soinid. 
It  has  been  stated  that  disorders  of  equilibrium  continue  after 
the  wounds  have  completely  cicatrised,  and  the  head  remains  in 
its  new  position ;  hence  it  would  seem  that  the  phenomena  are 
not  due  to  peripheral  irritation.  Dr.  Brown-Sequard  states  that 
the  symptoms  do  not  depend  on  the  section  of  the  canals.  ••  but 
are  the  results  of  an  irritation  of  the  auditory  nerve,  from  the 
traction  upon  it  by  the  membranous  semi-circular  canals  at  the 
time  of  division."  He  does  not  think  that  auditory  sensations 
play  any  part  in  the  production  of  the  movements.  It  has  also 
been  shown  that,  when  the  operation  has  been  very  carefully 
performed,  after  a  time,  the  pendulum-like  movements  either 
partially  or  completely  cease,  and  that  rotatory  movements  are 
developed  only  when  the  cerebellum  has  been  injured  or  has 
subsequently  become  affected. 

Amid  so  many  conflicting  opinions  it  is  diflficult  to  determine 
the    real     functions    of    the     semi-circular    canals ;     some    recent 
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experiments,  however,  throw  more  liu-ht  upon  the  subject.  It  has 
been  ascertained  that  laceration  and  tlie  application  of  caustics  to 
the  membranous  canals  are  followed  by  convulsive  action  of 
various  muscles,  and  that  the  same  result  is  witnessed  after 
crushing  the  trunks  of  the  auditory  nerves  ;  but  if  both  nerves 
are  separated  from  their  origins  in  the  brain,  there  is  no  per- 
manent disorder  of  equilibrium.  There  is,  therefore,  no  founda- 
tion for  the  h}'pothesis  which  assumes  that  the  effects  of  injury 
to  the  canals  are  referable  to  defective  stimulation  of  the  auditorv 
nerves.  In  rabbits,  injuries  to  the  membranous  canals  are  followed 
by  contraction  of  the  sphincter  of  the  pupil  on  the  affected  side  ; 
this  muscle  is  not  under  the  control  of  the  will,  and  the  chancre 
which  takes  place  is  clearly  the  result  of  reflex  action,  and  is 
analogous  to  the  muscular  contractions  observed  in  other  parts. 
Even  after  the  brain  has^  been  removed,  injuries  to  the  canals  will 
produce  movements.  Reflex  impressions  are  obviously  conveyed 
by  the  vestibular  branch  of  the  auditory  nerve,  but  it  is  doubtful 
whether  auditory  stimuli  are  thus  propagated.  Contractions  of 
the  tensor  tympani  always  cause  sensations  of  sound,  and  the 
change  in  position  made  by  animals  after  such  impressions  may 
be  regarded  as  an  involuntary  reflex  movement.  The  general 
movements  of  the  body  and  the  start  of  alarm  which  are  caused 
by  unexpected  and  loud  noises  are  to  be  referred  to  the  same 
category.  It  may  be  that  some  fibres  of  the  vestibular  branch 
are  the  channels  for  reflex  action,  while  those  connected  with 
the  crisice  and  macidcn  acusticce  convey  impressions  of  sound. 
Other  theories  with  regard  to  the  functions  of  the  semi-circular 
canals  will  be  discussed  in  the  chapter  on  '•'  Meniere's  Group  of 
Symptoms." 

The  Function  of  the  Cochlea. — The  cochlea  is  the  peripheral 
organ  for  auditory  sensations,  which  commence  in  excitement  of 
the  terminal  fibres  of  the  cochlear  nerves.  Certain  structures 
in  this  part  of  the  ear  resolve  the  complicated  wave-forms  of 
musical  tones  into  their  components.  It  was  once  considered 
that  the  rods  of  Corti  were  the  apparatus  that  vibrated  and 
stimulated  the  terminations  of  the  nerves  :  but  this  view  appeal's 
to  be  incorrect.  In  birds  and  amphibians,  which  are  able  to 
distinofuish  musical  tones,  these  rods  are  absent ;  and  it  is  now 
believed  that  the  stretched  radial  fibres  of  the  membrana  basilaris, 
on  which    Corti's   cells   are   placed,   are   the   essential   organs    in 
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question.  These  cells  have  cilia  on  their  upper  ends,  and  are^ 
about  2,000  in  number  ;  their  connection  with  the  terminations 
of  the  cochlear  nerve  has  been  pretty  clearly  demonstrated.  The 
membrane  is  nc  t  of  equal  width  throughout  its  extent  ;  but 
increases  from  the  lowest  winding  of  the  cochlea  to  the  cupola. 
Thus,  a  string-like  fibre  of  the  membrane  which  is  capable  oi" 
vibrating  corresponds  to  every  possible  simple  tone.  Different 
parts  of  the  membrane  are  adapted  for  different  tones  ;  the  lower 
portions  receive  impressions  of  high  notes,  while  the  upper  part 
of  the  membrane  towards  the  cuj)ola  is  adapted  for  the  reception 
of  low  notes.  This  division  of  function  has  been  demonstrated 
by  experiment  and  by  pathological  observation.  In  dogs,  destruc- 
tion of  the  apex  of  the  cochlea  causes  deafness  for  low  notes, 
when  the  lower  winding  is  injured,  the  animal  fails  to  perceive 
high  tones.  In  a  case  recorded  by  Moos,  of  deafness  for  high 
notes,  atrophy  of  the  nervous  structures  in  the  first  turn  of  the 
cochlea  was  found  after  death. 

AVhen  a  definite  note  is  •  sounded  a  certain  group  of  fibres  is 
thrown  into  vibration ;  the  fibres  in  the  neighbourhood  do  not 
remain  altogether  at  rest,  but  likewise  vibrate  to  a  certain  extent. 
This  secondary"  vibration  explains  the  fact  that  when  a  sound 
continuously  increases,  the  perception  of  it  increases  in  a  similar 
manner,  and  not  in  separate  stages,  such  as  would  be  noticed  if 
only  isolated  portions  of  the  membrane,  one  after  another,  were 
thrown  into  vibrations.  It  must  also  be  remembered  that,  as  a 
general  rule,  a  sound  contains  a  number  of  overtones,  and  there- 
fore excites  simultaneously  groups  of  fibres  of  the  basilar  mem- 
brane corresponding  with  these  tones.  Every  sound  which 
reaches  the  ear  excites  pendulum-like  vibrations,  some  belonging- 
to  the  fundamental  tone,  and  others  to  the  overtones. 

Recent  investigations  by  Ferrier*  and  others  have  shown  that 
the  psycho-acoustic  centre  lies  on  both  sides  in  the  temporal  lobe, 
and  more  especialh'  in  the  superior  temporal  gyrus  of  this  lobe  : 
when  it  is  completely  removed  deafness  results.  Irritation  of  the 
superior  temporal  convolution  in  monkeys  causes  quick  retraction 
and  erection  of  the  opposite  ear,  associated  frequently  with 
opening  of  the  eyes,  dilatation  of  the  pupils,  and  turning  of  the 
head  and  eyes  to  the  opposite  side.  Dr.  Ferrier's  view  is  sup- 
ported by  the  post-mortem  examinations  of  several  cases  in  which 

*  Croonian  Lectures  on  Cerebral  Localisation,  Urit.  Med.  Jour.,  June  2S,  1890. 
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complete  bilateral  deafness  was  associated  with  atrophy  of  the 
angular  gyri  and  superior  temporo-sphenoidal  convolutions  of 
both  hemispheres.  AVord-deafness  has  been  found  associated 
M'ith  lesions  of  the  superior  temporal  gyrus  in  the  left  hemisphere. 
In  this  condition,  the  patient  is  not  altogether  devoid  of  auditory 
sensation,  for  he  can  hear  the  ticking  of  a  watch,  and  can 
recognise  and  hum  an  air ;  but  articulate  sounds,  except  perhaps 
liis  own  name,  or  some  simple  combination  of  words,  have  no 
meaning  and  cannot  be  repeated.  Further  confirmation  of  the 
localisation  of  the  auditory  centre  in  the  convolution  referred  to 
is  afforded  by  cases  in  which  auditory  symptoms  of  various  kinds 
were  connected  with  irritative  lesions  implicating  this  gyrus. 
Two  cases  of  this  nature  have  been  reported  by  Dr.  Gowers.'" 
It  would  appear  that  the  fibres  of  the  auditor}^  nerve  decussate 
in  the  brain,  for  if  the  cochlea  be  destroyed  on  the  side  on  which 
the  temporal  convolution  is  injured,  the  animal  becomes  com- 
pletely deaf. 

*  Diseases  of  the  Nervous  System,  vol.  ii.  p.  21. 
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Comparative  Frequency  of  Diseases  of  the  Labyrinth — Three  Classes  of 
Causes :  General,  Local,  and  Traumatic  —  Infectious  Diseases  — 
Liability  of  Auditory  Nerve  to  be  Attacked — Nervous  Deafness — 
Morbid  Conditions  of  Organs  of  Circulation,  etc. — Effects  of  Certain 
Drugs  upon  the  Internal  Ear — Diseases  of  the  Brain — Extension 
of  Morbid  Processes  from  the  Middle  Ear — External  Influences, 
Cold,  Shocks,  etc. — Symptoms  of  Disorders  of  the  Labyrinth — Deaf- 
ness— Paracusis — Subjective  Sensations — Giddiness  and  Disorders 
of  Co-Ordination — Nausea  and  Vomiting — Diagnosis  between  Diseases 
of  the  Labyrinth  and  those  of  the  Cerebellum — Acoustic  Hyper- 
sesthesia  —  Prognosis  —  Diagnosis  of  Diseases  of  the  Labyiinth  — 
Deafness  as  a  Symptom — Bone-Conduction — Rinne's  Test — Bezold's 
Method  — Drawbacks  Connected  with  Rinne's  Test — Testing  with 
High  and  Low  Notes — Galton's  AVhistle — K(5nigs  Rods — Condition 
of  Membrana  Tympani  and  Eustachian  Tube. 

Diseases  of  the  Labyrinth  are  either  of  primary  or 
secondary  origin  ;  those  of  the  former  class  are  relatively  infre- 
quent, constituting  about  5  per  cent,  of  all  cases  of  affections  of 
the  ear.  Secondary-disease  of  the  labyrinth  is  not  uncommon, 
for  it  is  apt  to  supervene  upon  adhesive  and  other  processes  in 
the  middle  ear. 

The  Causes  of  affections  of  the  labyrinth  maj'  be  divided 
into  three  classes.  The  first  will  include  those  of  a  general 
character,  and  depending  on  disorders  of  nutrition  and  circula- 
tion ;  the  second,  those  which  are  local  in  their  origin,  the 
labyrinth    participating    in    morbid    conditions   of   neighbouring 
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parts.  The  tliii'd  class  includes  external  influences,  such  as 
cold  and  injuries  of  various  kinds. 

I.  Among  the  causes  belonging  to  the  first  class  various 
infectious  diseases  occupy  a  prominent  place.  The  part  that 
the  acute  exanthemata,  the  continued  fevers,  s^^hilis,  mumps, 
etc.,  often  take  in  the  causation  of  middle-ear  affections  has 
been  fully  discussed  in  a  previous  chapter ;  in  a  smaller  pro- 
portion of  cases,  grave  disorders  of  the  labyrinth  originate  in 
a  similar  manner,  either  with  or  without  an}-  implication  of  the 
structures  of  the  tympanum. 

Politzer  draws  attention  to  the  fact  that  the  auditory  nerve  is 
more  readily  affected  by  morbid  poisons  circulating  with  the 
blood  than  any  other  nerve  of  special  sense.  Affections  of  the 
optic,  gustatory,  and  olfactory  nerves  are  seldom  associated  with 
infectious  diseases.  It  must  be  confessed  that  little  is  known 
with  regard  to  the  changes  in  the  auditor}-  nervous  apparatus ; 
but  their  existence  may  be  inferred  from  the  symptoms. 

Auditory  perception  sometimes  becomes  weakened  dunng 
the  course  of  non-infectious  chronic  disorders,  of  an  exhausting 
character,  and  such  a  loss  of  function  may  eventually  become 
permanent.  Closely  allied  to  these  cases  are  those  of  so-called 
"  nervous  deafness,"  in  which  there  is  no  recognisable  disease, 
either  in  the  organ  of  hearing  or  in  the  system  generally,  but  the 
patients  are  weak  and  low,  and  their  hearing-powers  are  more  or 
less  diminished.  Some  authorities — e.(j..  Dr.  Eoosa  and  the  late 
Mr.  Hinton — have  refused  to  acknowledge  such  a  causation,  but 
mainl}-  on  the  grounds  that  in  many  cases  described  as  instances 
of  "  nervous  deafness,"  some  affection  of  the  middle  ear  can  be 
detected  on  examination.  "Besides,  it  cannot  be  said  that  nervous 
people  are  especially  liable  to  deafness  from  lesions  of  the  laby- 
rinth, any  more  than  they  are  to  atrophy  of  the  optic  nerve. 
On  this  point,  Mr.  Hinton  says  that  it  is  difficult  for  him  to 
accept  debility,  nervous  or  other,  as  a  cause  of  nervous 
deafness."* 

There  is,  however,  more  probability  attached  to  Dr.  McBride's 
view  to  the  effect  that  functional  impairment  of  the  auditory 
nerve  may  occur  in  cases  of  debility  and  nervous  depression,  and 
without   any   demonstrable    lesion.      He    Siuggests    two    possible 

*  Roosa,  Diseases  of  the  Ear,  7th  Edition,  p.  614.  See  also  Hinton,  The 
Questions  of  Aural  Surgery,  pp.  153,  245. 
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explanations  as  to  the  manner  in  which  the  organ  of  hearing 
is  influenced  by  the  state  of  the  general  system.  1.  The 
auditor}^  nerve  may  become  impaired  in  its  function  by  sharing 
in  the  general  nervous  dei:)ression,  the  resulting  condition  being 
analogous  to  nervous  asthenopia.  2.  As  suggested  by  Dr. 
AVoakes,  the  deafness  may  depend,  in  part  at  least,  upon  atony 
or  paresis  of  the  tensor  t}-mpani  muscle.  Should  there  be  partial 
deafness,  due  to  middle-ear  disease,  any  condition  of  debility  is 
likely  to  increase  the  loss. 

It  is  necessary  to  remark  that  the  diagnosis  of  "  nervous 
deafness "  must  not  be  too  hastily  made.  The  results  of  many 
post-mortem  examinations,  made  by  the  late  ^Ir.  Tojnibee,  go 
to  prove  that  not  a  few  disorders  of  hearing,  formerly  classed 
as  nervous  deafness,  are  really  caused  by  ankylosis  of  the 
stapes. 

Various  morbid  conditions  of  the  heart  and  lungs  are  liable  to 
affect  the  auditor}^  nerve  by  obstructing  the  circulation  of  blood 
in  the  cerebral  vessels.  Degenerative  diseases  of  the  kidneys  and 
liver,  and  some  gastric  and  uterine  disorders,  are  occasionally 
associated  with  symptoms  referable  to  the  same  nerve.  In  some 
cases,  the  association  is  doubtless  accidental ;  but  in  others,  the 
connection  would  seem  to  be  direct,  inasmuch  as  the  aural 
symptoms  are  wont  to  vary  from  time  to  time,  their  gravity 
seeming  to  depend,  in  some  measure  at  least,  upon  the  condition 
of  the  original  lesion.  In  women  at  the  menopause,  the  general 
and  local  neurotic  disorders  tend  to  aggravate  any  existing  aural 
affections,  and  to  cause  the  reappearance  of  those  that  have  sub- 
sided. Noises  in  the  ears  are  apt  to  become  very  troublesome  at 
this  period,  and  are  sometimes  associated  with  vertigo  and  dimi- 
nution of  hearing-power.  Adhesive  processes  in  the  middle  ear 
advance  with  increased  rapidity. 

Effect  of  Drugs  upon  the  Ear. — Akin  to  the  functional 
disorders  of  hearing  noticed  in  the  above  paragraphs  are  those 
symptoms  which  are  liable  to  be  produced  by  certain  drugs,  such 
as  quinine,  salicylic  acid,  morphine,  and  lead,  and  by  the  im- 
moderate use  of  alcohol  and  tobacco.  Large  doses  of  quinine 
almost  invariably  affect  the  organ  of  hearing,  and  produce  sub- 
jective noises,  as  of  bells  ringing  in  the  ear,  while  the  patient 
becomes  more  or  less  deaf  for  a  time.  Ringer  states  that  some- 
times, though  very  rarely,  the  deafness  becomes  permanent  and 
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complete ;  as  a  general  rule,  however,  the  noises  cease  in  a  short 
time  (in  a  few  hours  or  days),  and  the  hearing  again  becomes 
natural.  Dr.  Kirchner,  of  Wiirzburg,  gave  large  doses  of  quinine 
to  rabbits,  and  on  killing  the  animals  and  examining  the  ears, 
found  hj^pergemia  and  ha3morrhages  in  the  mucous  membrane  of 
the  tympanum  and  in  the  labyrinth.  He  attributes  these  appear- 
ances to  vaso-motor  disturbance,  leading  to  congestion  and  exuda- 
tion. Among  other  marked  symptoms  caused  by  salicin  and  its 
derivatives,  deafness  and  noises  in  the  ears  are  commonly  noticed. 
Opium  produces  some  amount  of  deafness  ;  "it  is  said  to  lessen 
the  conductivity  of  sensory  nerves,  though  this  blunted  sensibility 
must  be  due  in  some  measure  to  the  effect  of  opium  on  the  grey 
matter  of  the  brain,  depressing  the  power  of  perception"  (Ringer). 
Subjective  auditory  symptoms,  in  the  form  of  hallucinations,  have 
been  traced  to  the  effects  of  lead ;  small  doses  of  alcohol  increase 
the  perceptive  faculty,  while  large  cjuantities  act  decidedly  in  the 
opposite  direction. 

II.  The  second  categor}^  includes  causes  of  a  local  character, 
the  labyrinth  participating  in,  or  becoming  affected  by,  morbid 
conditions  of  neighbouring  parts.  In  diseases  of  the  brain  and 
its  membranes,  the  connection  between  the  original  lesion  and 
the  affection  of  the  labyrinth  can  often  be  clearly  made  out.  In 
simple  and  epidemic  cerebro-spinal  meningitis  (see  page  524)  and 
in  tumours  of  the  brain  the  morbid  process  extends  either  by  the 
blood-vessels  or  alonp-  the  auditorv  nerve.  It  is  easv  to  under- 
stand  how  such  conditions  as  congestion,  exudation,  and  even 
ha3morrhage  in  the  structures  of  the  labyrinth  and  atrophy  of 
the  nervous  structures,  ma}'  be  caused  b}'  pressure  upon  the 
vessels  or  upon  the  auditory  nerve.  Disorders  of  hearing,  having 
their  seat  in  the  labyrinth,  are  occasional  1}^  associated  with  lesions 
of  the  spinal  cord.  Aural  symptoms  of  a  like  character  have 
been  known  to  supervene,  as  a  residt  of  shock  or  great  mental 
excitement ;  several  cases  of  this  nature  are  recorded  in  Mr. 
Toynbee's  work  on  '•  Diseases  of  the  Ear."  In  the  absence  of 
any  discoverable  change  in  any  part  of  the  organ  of  hearing,  such 
symptoms  may  probably  be  referred  to  some  marked  circulatory 
disturbance  in  the  terminal  apparatus  of  the  auditor}-  nerve. 

The  labyrinth  is  sometimes  affected  by  extension  of  morbid 
processes  in  cases  of  severe  inflammation  of  the  middle  ear,  espe- 
cially when  occurring  in  the  course  of  scarlet  fever,  diphtheria, 
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and  measles.  The  labyrinthine  complication  may  likewise  be 
caused  b}^  increased  pressure  upon  the  fenestrje.  In  either  case, 
the  prominent  symptoms  are  deafness,  noises  in  the  ears,  giddi- 
ness, and  diminished  conduction  of  sound  through  the  bones  of 
the  skull.  Disorders  of  hearing  referable  to  the  auditory  nerve 
are  more  common  in  chronic  adliesive  catarrh.  In  this  latter 
affection,  which  often  results  in  ankj'losis  of  the  stapes,  signs 
of  labyrinthine  disease  are  not  infrequent,  and  are  sometimes 
noticeable  even  in  the  earh'  stages.  In  these  cases  the  disorder 
of  nutrition,  leading  eventualh'  to  loss  of  function,  appears  to 
involve  the  auditory  nerve  simultaneously  with  the  middle  ear 
and  Eustachian  tube.  The  course  of  the  process  is  more  evident 
in  those  severe  cases  of  tympanic  suppuration  in  which  the  walls 
of  the  cavity  become  carious  or  necrotic,  and  the  pus  finds  its 
way  into  the  cochlea  or  vestibule,  with  complete  destruction  of 
the  terminal  nerve-apparatus  as  the  necessary  result.  In  such 
cases,  portions  of  the  osseous  walls  of  the  lab3'rinth,  fragments 
of  the  semi-circular  canals,  and  even  the  entire  cochlea,  are  some- 
times detached. 

III.  Disorders  of  the  labyrinth  are  liable  to  be  produced  by 
external  influences  of  various  kinds — e.f/.,  exposure  to  cold; 
injuries  from  blows  or  falls  ;  alterations  of  atmospheric  pressure, 
and  the  shocks  resultino-  from  verv  loud  or  continuous  sounds. 
In  cases  due  to  exposure  to  cold,  catarrh  of  the  middle  ear  gener- 
ally precedes  or  accompanies  the  affection  of  the  labyrinth. 
Traumatic  lesions  of  the  internal  ear  may  result  either  from  direct 
or  from  indirect  violence.  In  the  former  case,  the  external  ear 
and  the  tjmipanum  are  likewise  injured,  as  in  penetrating  wounds  ; 
the  second  category  includes  (1)  those  cases  in  which  the  bones 
of  the  head  primarily  suffer,  and  the  shock  is  transmitted  to  the 
labyrinth,  and  (2)  those  in  which  the  injurj^  is  effected  by  shocks 
or  concussions  due  to  changes  of  pressure,  loud  noises,  etc. 
Questions  as  to  the  influence  and  frequency  of  such  causes  will 
be  fully  discussed  in  subsequent  chapters. 

In  the  majority  of  cases  of  labyrinthine  disorder  both  ears 
are  affected,  either  simultaneously  or  in  more  or  less  rapid  succes- 
sion. The  impairment  of  function  is,  however,  likely  to  be  con- 
fined to  one  ear  in  cases  due  to  the  shock  caused  by  a  single  loud 
sound.  The  predisposition  to  diseases  of  the  internal  ear  is 
greatest  in  children  and  in  persons  over  sixty  years  of  age.     In 
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the  latter,  the  auditory  nerve  and  its  ternunal  expansion  are  liable 
to  atrophy  and  fatty  degeneration  ;  while  children  are  especial!}^ 
prone  to  suffer  from  those  infectious  diseases  which  are  so  often 
attended  by  aural  complications.  As  an  additional  reason  for  the 
frequency  with  wliich  children  are  attacked,  Politzer  lays  great 
stress  upon  the  anastomoses  which  the  vessels  of  the  labyrinth 
form  with  those  of  the  middle  ear,  on  the  one  hand,  and  of  the 
cranial  cavity  on  the  other.  These  are  more  frequent  in  children 
than  in  adults,  and  there  is  also  in  the  former  a  freer  communi- 
cation, through  the  aqueducts,  between  the  fluid  of  the  labj'rinth 
and  the  cerebro-spinal  lymph-spaces.  The  greater  development 
of  such  channels  accounts  for  the  more  frequent  propagation  to 
the  labyrinth  of  inflammatory  processes  originating  either  in  the 
middle  ear  or  in  the  cranial  cavity. 

Symptoms. — Disorders  of  the  labyrinth  give  rise  to  (1) 
Deafness  of  varying  degrees,  but  generally  severe.  (2)  Subjective 
sensations  (noises  in  the  ears)  of  various  kinds.  (3)  Giddiness 
and  disorder  of  co-ordination,  (-i)  Xausea  or  vomiting.  (5) 
Acoustic  hypersesthesia,  evinced  by  undue  sensitiveness  to  sounds. 
Two  or  more  of  these  symptoms  frequently  coexist  ;  even  severe 
deafness  is  sometimes  associated  with  peculiar  sensitiveness  to 
loud  sounds.  In  one  well-marked  class,  viz.,  the  apoplectic  form 
of  Meniere's  disease,  the  deafness  and  other  symptoms  come  on 
very  suddenly.  The- patient,  if  standing  or  walking,  falls  to  the 
ground,  and  the  attack  resembles  one  of  cerebral  apoplexy.  In 
s}^hilis  of  the  labyrinth,  the  deafness,  which  is  a  prominent 
symptom,  may  become  complete  within  a  few  hours.  In  other 
cases,  such  as  those  in  which  an  afiection  of  the  labyrinth  com- 
plicates adhesive  catarrh  of  the  tympanum,  the  symptoms  of  the 
former  are  apt  to  be  slowly  and  insidiously  developed. 

(1)  Deafness  due  to  labyrinthine  disease  varies  considerably  in 
degree  in  different  cases.  Thus  it  may  be  either  very  slight  or 
total  and  absolute ;  and  between  these  extremes  every  possible 
variation  exists.  Total  deafness  is  pathognomonic  of  disease  of 
the  auditory  nerve  in  some  part  of  its  course.  Labyrinthine 
deafness  is  apt  to  be  progressive ;  but  sometimes  the  impairment 
remains  stationary  for  a  time.  In  other  cases  the  gradual  pro- 
gress of  the  disorder  is  interrupted  by  a  sudden  change  for  the 
worse.  The  hearing-power  in  any  given  case  is  liable  to  be 
influenced  by  the  general   health   of  the  patient,  by  excitement, 
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by  excesses  of  all  kinds,  and  by  fatigue  of  the  acoustic  nerve. 
As  a  general  rule,  the  hearing-power  in  these  patients  is  at  its  best 
in  a  quiet  place,  where  there  are  no  other  sounds  to  distract  the 
attention. 

Deafness  to  certain  notes  is  sometimes  experienced  b}'  persons 
suffering  from  disease  of  the  lab}'rinth.  Inability  to  perceive 
high  notes  is  not  infrecpient  in  old  people ;  this  fact  was  men- 
tioned by  WoUaston  in  the  riLilosophical  Transactions  for  1820. 
Sudden  deafness  for  low  notes  has  been  observed  to  follow  con- 
cussions of  the  labyrinth  from  explosions  of  gunpowder,  and  in 
other  cases  of  a  similar  character  high  notes  are  lost.  In  rare 
instances  there  is  loss  of  perception  of  notes  in  the  middle 
octaves.  Symptoms  of  this  nature  point  to  some  affection  of  the 
auditory  nerve  ;  their  gradual  development  would  show  that  the 
change  was  probably  of  a  secondary  character,  such,  for  instance, 
as  results  from  pressure  on  the  labja^nth  caused  by  middle-ear 
disease.  Helmholtz's  theor}^  that  the  perception  of  tones  of 
different  pitch  depends  upon  different  nerve-fibres  serves  to 
explain  the  pathology  of  the  cases  under  discussion.  Experi- 
ments show  that  destruction  of  the  apex  of  the  cochlea,  which 
contains  the  longest  fibres  of  the  basilar  membrane,  causes 
deafness  to  the  lower  notes.  Urbantschitsch  points  out  that 
partial  tone-deafness  may  also  be  due  to  central  lesions,  and  that 
it  must  often  be  difficult  to  determine  whether  the  cause  of  the 
symptom  is  located  in  the  peripheral  apparatus  or  trunk  of  the 
nerve,  or  in  the  nerve  centres.  It  must  also  be  remembered  that 
obstacles  to  sound-conduction  are  apt  to  affect  certain  notes  more 
than  others ;  imperfect  perception  may  therefore  be  due  to  purely 
physical  causes. 

Another,  but  somewhat  rare,  symptom  of  labyrinthine  disease, 
is  the  phenomenon  termed  jKiracusis,  or  "  false  hearing."  In  this 
condition,  a  note  is  not  heard  correctl}^  but  appears  to  be  higher 
or  lo\\er  than  it  really  is,  and  the  difference  may  amount  to  half 
a  tone,  several  tones,  or  even  an  octave.  If  only  one  ear  be 
affected,  two  sounds  are  heard,  one  being  true  and  the  other 
false,  and  this  condition  is  termed  iiaracusis  duplicata. 

A  case  of  this  latter  kind  was  reported  by  Sir  Everard  Home  ;* 
the  patient,  a  music-master,  when  suffering  from  catarrh,  noticed 
that  there  was  a  confusion  of  sounds  in  his  ears,  and  also  that  the 

*  Philosophical  I'raiisactions,  1800. 
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pitch  of  one  ear  was  half  a  note  lower  than  that  of  the  other.  A 
single  note  was  not  perceived  as  such,  but  as  two  distinct  sounds 
following  each  other  in  quick  succession,  the  last  being  the 
lower  and  weaker.  Several  other  cases  of  double  hearing  have 
been  placed  on  record ;  one  of  the  most  interesting  is  that  of 
\on  Wittich.*  described  by  himself.  A  month  after  a  violent 
attack  of  suppurative  middle-ear  inflammation,  he  observed  that 
the  note  of  a  tuning-fork  appeared  exactly  half  a  tone  higher  in 
the  diseased  ear  than  in  the  healthy  one.  The  same  difference 
was  perceived  in  notes  of  the  middle  octave,  either  when  whistled 
or  struck  upon  the  piano.  Similar  results  were  obtained  when 
the  meatus  was  plugged  with  wool  or  filled  with  water,  and  after 
inflation  of  the  tympanum.  Two  tuning-forks,  one  half  a  tone 
higher  than  the  other,  appeared  to  yield  the  same  note  when  the 
higher  was  held  near  the  sound  ear,  and  the  lower  near  the 
diseased  one. 

Similar  phenomena  may  be  due  to  the  effects  of  certain 
medicines.  Thus,  Dr.  Moos,  of  Heidelberg,  t  has  reported  a 
case  of  "  Double  Hearing  during  the  Exhibition  of  Iodide  of 
Potassium."  The  patient,  who  had  suffered  for  a  long  time 
from  nervous  asthma,  had  been  taking  the  iodide  in  doses  of 
gr.  X.  daily  for  a  fortnight,  when  the  remedy  was  discontinued 
on  account  of  nasal  catarrh  and  loss  of  appetite.  On  the  follow- 
ino-  dav  there  was  double  hearino-  for  certain  notes  :  this  subsided 
in  the  course  of  a  few  days.  In  another  case,  reported  in  the 
same  number  of  the  Arcldves  of  Otolo'iy,  the  double  hearing- 
came  on  suddenly  in  a  patient  who  had  for  a  long  time  been 
almost  completely  deaf  on  the  left  side.  One  evening,  when 
humming  a  tune,  he  heard  the  true  tone  as  well  as  the  major 
third  above.  He  was  not,  however,  sure  as  to  the  side  on  which 
he  heard  the  higher  tone ;  nor  could  he  define  the  number  of 
octaves  which  were  affected  with  the  double  hearing.  AVhile  the 
condition  lasted,  all  varieties  of  music  created  great  dissonance ; 
subjective  noises  and  vertigo  were  also  complained  of.  After 
continuing  for  seven  months,  the  double  hearing  passed  away, 
all  tones  seemed  pure,  both  high  and  low  tones  were  heard  with 
equal  clearness,  and  music  became  a  source  of  pleasure  as  before. 

*  Quoted  by  Gruber,  I.e.,  p.   162.  from  Konigsherg.  Mcdicin.  Jahrl.,.ll\.  Bd. 
1861. 

t  Archives  of  Otology,  vol.  xi.  p.  27. 
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The  origin  of  the  symptoms  was  attributed  to  inflammation 
involving  the  cochlea  on  the  left  side  and  the  region  to  which  the 
vestibular  branch  is  distributed.  Their  cessation  was  presumably 
due  to  destruction  of  the  conductive  capacity  of  the  left  auditory 
nerve,  or  of  its  terminal  branches  within  the  labyrinth.  The 
results  of  testing  the  hearing  showed  that  the  left  ear  was 
completely  deaf  for  aerial  and  bone-conduction. 

The  phenomena  of  double  hearing  are  explained  by  Helm- 
holtz's  theory,  as  modified  by  Hensen,  with  regard  to  the  resolu- 
tion of  sounds  by  the  cochlea.  The  stretched  radial  fibres  of  the 
membrana  basilaris,  on  which  Corti's  organ  is  placed,  and  which 
are  shortest  in  the  first  turn  of  the  cochlea.  '•  are  now  regarded  as 
the  vibratino-  threads.  Thus,  a  strino-like  fibre  of  the  membrana 
basilaris,  which  is  capable  of  vibrating,  corresponds  to  every  pos- 
sible simple  tone."*  With  a  normal  condition  of  the  organ  of 
hearing  on  both  sides,  a  given  note  throws  into  vibration  corre- 
sponding fibres  of  the  basilar  membrane,  and  the  proper  sound  is 
perceived.  AVhen,  however,  the  membrane  is  more  tense  on  one 
side  than  on  the  other,  its  pitch  becomes  raised  in  proportion  to 
the  increased  tension,  so  that  a  fibre,  or  a  series  of  fibres,  which 
normally  makes  300  vibrations  in  a  second,  may  execute  350  in 
the  same  space  of  time.  AVhen  a  note  corresponding  with  the 
latter  number  is  sounded,  the  healthy  ear  perceives  it  correctly; 
but  in  the  diseased  ear,  the  fibres  receiving  the  impression 
transmit  it  to  a  portion  of  the  sensorium  accustomed  to  receive 
300   vibrations,  and  double  hearing  is  the  result. 

An  oj^posite  condition  is  assumed  to  exist  in  cases  in  which 
the  false  note  is  higher  than  that  perceived  by  the  normal  ear. 
The  affected  fibres  of  the  basilar  membrane  are  supposed  to  be 
in  a  state  of  relaxation,  for  example,  so  as  to  perform  300  vibra- 
tions instead  of  325.  AVhen  a  note  consisting  of  the  former 
number  is  sounded,  it  throws  into  vibrations  those  fibres  of  the 
membrane  which  correspond  therewith.  On  the  healthy  side, 
the  right  note  is  heard ;  on  the  other,  those  fibres  vibrate  which 
normally  transmit  a  sensation  corresponding  to  325  vibrations, 
and  a  note  of  that  pitch  is  perceived  by  the  sensorial  apparatus 
on  that  side.t 

*  Landois  and  Stirling's  Phusiology,  Third  Edition,  p.  818. 
t  For  an  elaborate  explanation  of  the  phenomena  of  "  Double  Hearing,"  see 
Knapp's  paper  in  Archivf.  Aug.  u.  Ohr.,  Bd.  I.  Abth.  2,  S.  9G. 
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In  connection  \vitli  paracusis,  as  in  the  case  of  deafness  to 
certain  notes,  the  fact  must  be  borne  in  mind  that  morl)id 
changes  in  the  sound-conducting  apparatus  are  apt  to  facilitate 
the  conduction  of  certain  tones,  and  to  make  them  appear  louder 
and  more  distinct.  It  must  also  be  remembered  that  under 
normal  circumstances  a  feeble  sound  of  a  given  note  seems  to  be 
of  a  higher  pitch  than  a  loud  sound.  When  any  difference  in 
sounds  conducted  through  the  air  is  noticed  between  the  two 
ears,  osseous  conduction  should,  of  course,  be  tested.  If  the 
sound  then  appear  to  be  the  same  on  both  sides,  the  alteration 
by  aerial  conduction  must  be  due  to  some  change  in  the  sound- 
conducting  apparatus. 

It  is  highly  probable  that  partial  tone-deafness  and  "  double 
hearing "  are  by  no  means  infrequent.  As  a  general  rule,  how- 
ever, the  changes  are  perceptible  only  by  persons  whose  hearing- 
organs  have  been  well  trained.  Akin  to  the  phenomena  in 
question  are  those  echo-like  sounds  which  are  sometimes  super- 
added to  words  and  musical  notes,  without  any  alteration  in 
pitch. 

(2)  Subjective  Sensations  (noises  in  the  ears)  will  be  fully 
described  in  the  chapter  on  "  Xeuroses  of  the  Auditory  Nerve." 
It  is  here  sufficient  to  mention  that  in  the  majority  of  cases  they 
are  caused  either  by  pathological  changes  in  the  sound-conduct- 
ing apparatus  or  by  some  afiection  involving  the  nerve.  In  the 
former  case,  the  noises  are  most  often  associated  with  such  lesions 
as  produce  rigidity  of  the  membrane  of  the  fenestra  rotunda,  or 
undue  pressure  of  the  base  of  the  stapes  upon  the  fenestra  ovalis. 
Tinnitus  ma}'  also  be  due  to  peripheral  irritation  of  various 
sensory  nerves,  and  especially  of  branches  of  the  fifth  pair. 

(3)  Giddiness  and  Disorder  of  Co-ordination  are  frequently  due 
to  some  disease  of  the  ear.  Symptoms  of  this  character,  but 
usually  of  a  slight  nature,  are  sometimes  caused  by  foreign  bodies 
in  the  external  meatus.  The  pressure  upon  the  membrana 
tympani  increases  the  tension  in  the  labj'rinth,  and  irritates  the 
vestibular  and  ampullar}'  nerves.  Even  s\'ringing  the  ear,  par- 
ticularly if  cold  water  be  used,  produces  vertigo  in  some  patients. 
]\Iiddle-ear  disease,  by  involving  the  labyrinth,  not  infrequently 
causes  marked  p-iddiness  and  stao-o-erino-.  and  sometimes  even 
loss  of  consciousness.  Changes  of  tension  in  the  tympanum 
l)roduce  more  or  less   corresponding   changes  in  the  endolymph, 
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and  these  latter  are  regarded  as  the  immediate  cause  of  the 
vertigo.  In  a  case  of  middle-ear  catarrh,  recorded  b}-  Dr. 
McBride,*  vertigo,  tinnitus,  vomiting,  and  loss  of  consciousness 
were  all  well-marked  s^'uiptoms,  and  a  very  peculiar  effect  was 
produced  by  the  first  attempt  to  inflate  the  tympana.  Air  passed 
into  the  middle  ear  only  on  the  left  side ;  "  but  whereas  before 
the  operation  the  patient  had  great  difficulty  in  standing  and 
walking,  even  with  assistance,  after  the  inflation  he  declared 
himself  greatly  relieved,  and  was  able  to  walk  al)out  alone  and 
unsupported."  After  a  short  course  of  treatment,  which  consisted 
mainly  in  inflating  the  middle  ear,  '•  the  only  symptom  of  vertigo 
left  was  that  looking  down  suddenly  produced  slight  giddiness." 
The  connection  between  the  nervous  phenomena  and  the  condition 
of  the  left  tympanum  was  proved  l)y  the  fact  that  inflation 
produced  an  immediate  and  marked  improvement. 

The  capability  of  pressure  to  produce  vertigo  is  further 
demonstrated  by  a  case  recorded  by  Dr.  Hughlings  Jackson. t 
The  patient,  a  woman,  aged  forty-nine,  had  suffered  from  disease 
of  the  rio'ht  ear  since  childhood,  and  for  three  months  from 
giddiness  and  inability  to  walk  without  staggering.  Pressure 
on  the  tragus  was  followed  by  movements  of  the  eyes  from  side 
to  side,  giddiness,  and  a  sensation  of  falling  towards  the  left 
side.  On  examination,  the  right  meatus  was  found  to  contain 
much  pus ;  the  membrana  tympani  could  not  be  seen  (owing  to 
swelling  of  the  walls  of  the  meatus),  and  the  watch  could  not  be 
heard  on  that  side.  After  some  weeks'  treatment,  the  condition 
became  so  far  improved  that  to  produce  the  giddiness  and  move- 
ment of  external  objects,  she  had  to  put  the  finger  into  the 
meatus.  The  symptoms  eventually  altogether  subsided,  the 
improvement  coinciding  with  the  cessation  of  the  discharge 
from   the   ear. 

The  pathogeny  of  vertigo  as  a  symptom  of  disease  of  the 
labyrinth  will  be  fully  discussed  in  the  chapter  on  Meniere's  disease. 
It  is  probable  that  in  the  large  majority  of  cases  of  auditor}- 
vertigo,  the  affection  of  the  labyrinth  is  secondary  to  disease  of 
the  tympanum.  Primar}'  inflammation  of  the  membranous  laby- 
rinth  is   a  very  rare   disease.      Those    cases   which   A'oltolini,   of 

*  Auditory  Vertigo,  EJln.  Med.  Journ.,  Jan.  18S1. 

t  On  "  Ocular  Movements,  with  Vertigo,  produced  by  Pressure  on  a  Diseased 
Ear,"  Ophthalmol.  Soc.  Trans.,  vol.  iii. 
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Breslau,  described  as  otitis  labyrinthica.  with  deafness  and  a 
staggering  gait  as  prominent  symptoms,  were  proved  b}'  Gottstein 
to  be  in  realit}^  mild  cases  of  epidemic  cerebro-spinal  meningitis. 
The  disorder  of  the  labyrinth  cannot  be  regarded  as  primaiy 
unless  it  occur  in  the  absence  of  any  sign  of  middle-ear  disease. 
In  such  a  case,  the  sudden  development  of  noises  in  the  ears, 
or  the  exaggeration  of  those  previously  heard,  and  giddiness, 
followed  by  more  or  less  marked  deafness,  point  to  implication 
of  the  labyrinth  :  and  the  diagnosis  is  supported  if  perception 
through  the  bones  of  the  skull  be  lost  or  decidedly  impaired. 
Xausea  and  vomiting  may  also  be  expected  to  occur,  and  in  some 
cases  the  paroxysms  of  vertigo  are  followed  by  loss  of  conscious- 
ness. This  latter  symptom  has  been  ascribed  to  the  mental  effect 
of  the  alarming  sensations  experienced  by  the  patient,  and  also  to 
vaso-motor  changes  produced  reflexly  through  the  auditory  nerve. 
Dr.  McBride  has  suggested  a  different  explanation  ;  he  assumes 
that  the  nerves  of  the  semi-circular  canals  are  in  direct  communi- 
cation with  a  central  brain-area,  which,  when  stimulated,  gives 
rise  to  the  sensation  of  vertigo.  *'  It  seems  not  improbable  that 
a  stimulus  applied  to  this  centre  is  very  apt  to  overflow,  and 
involve  the  vomiting  and  cardiac  inhibitory  centres.  That  the 
two  last  are  in  intimate  relation  is  rendered  probable  by  the 
frequent  concomitance  of  nausea  and  faintness."  If  the  cardiac 
inhibitory  centre  be  sufficiently  affected,  syncope  and  unconscious- 
ness are  produced. 

(4)  Nausea  and  Vomiting^,  as  symptoms  of  labyrinthine  dis- 
order, are  consecutive  to  the  giddiness  and  disturbance  of 
equilibrium.  The  phenomena,  taken  as  a  whole,  are  by  no 
means  characteristic  of  aural  affections ;  for  they  are  of  frequent 
occurrence  in  various  forms  of  cerebral  disease.  In  aural  cases, 
their  starting-point  is  assumed  to  be  the  semi-circular  canals ;  and 
if  Dr.  McBride's  theorj^  be  the  correct  one.  the  vomiting  is  due 
to  the  overflow  of  the  stimulus  conveyed  to  the  vertiginous  centre, 
and   consequent  involvement   of  the  vomiting  centre. 

Lesions  of  the  cerebellum,  especially  those  affecting  the 
middle  lobe,  often  give  rise  to  disorder  of  equilibrium  and 
vomiting,  and  the  symptoms  therefore  resemble  those  of  disease 
of  the  labyrinth.  "  There  may  be  lesion  of  the  hemispheres 
without  any  marked  symptoms ;  but  if  the  middle  lobe  be 
injured  or  pressed  upon   by  a  tumour,  there  is  usually   a  reeling 


ETIOLOGY,  SYMPTOMS.  AXD  DIAGNOSIS.  605 

or  staggering  gait,  like  that  of  a  drunken  man.  Ross  points  out 
that  if  the  tumour  affect  the  upper  part  of  this  lobe,  the  tendencv 
is  to  fall  backwards,  and  if  the  lower  part  to  fall  forwards,  or  to 
revolve  round  a  horizontal  axis."* 

The  diagnosis  between  affections  of  the  cerebellum  and  those 
of  the  labyrinth  may  be  made  by  considering  the  additional 
symptoms  in  each  case.  According  to  Prof.  Rosenthal,  f  in 
cerebellar  disease,  the  reeling,  staggering  gait  of  the  jDatient  is 
but  little  improved  when  support  is  afforded ;  he  walks  and 
stands  with  his  legs  far  apart,  the  toes  and  the  metatarsus  are 
alternately  raised  and  depressed,  so  that  sometimes  the  balls  of 
the  toes,  sometimes  the  heel,  and  sometimes  the  flattened  sole 
come  into  contact  ^^'ith  the  ground.  Xot  infrequently  the  patient 
complains  of  a  feeling  of  numbness  in  the  legs,  especially  in  the 
soles  of  the  feet :  tactile  cutaneous  sensibility  is  at  the  same  time 
much  diminished,  or  even  completely  lost ;  the  temperature  sense 
and  common  sensation  remain  unchanged.  Other  symptoms 
occasionally  present  are :  disorder  of  speech,  nystagmus,  deviation 
of  the  eyeball  or  inability  to  raise  the  eye  beyond  the  horizontal 
line,  contraction  of  the  pupil,  and  amblyopia  with  optic  neuritis. 
Violent  pain  in  the  back  of  the  head,  coming  on  in  parox^^sms. 
and  sensitiveness  to  pressure,  are  also  spnptomatic  of  disease  of 
the  cerebellum. 

Vertigo,  nausea,  and  vomiting,  accompanied  by  deafness  and 
subjective  auditory  sensations,  indicate  some  affection  of  the 
ampullary  nerves,  especially  when  such  symptoms  are  superadded 
to  aural  disease,  and  are  unaccompanied  by  others  referable  to  the 
cerebellum.  It  must,  however,  be  remembered  that  reflex  S}mi- 
ptoms  of  the  latter  kind  may  have  their  starting-point  in  some 
disease  of  the  ear — e.[i..  in  suppurative  inflammation  of  the 
tympanum.  Urbantschitsch  points  out  that  symptoms  indica- 
tive of  cerebellar  irritation,  appearing  from  time  to  time  during 
the  course  of  an  aural  affection,  and  decidedly  corresponding 
with  its  stage  and  condition,  are  to  be  regarded  as  of  reflex 
origin,  and  not  as  proofs  of  cerebellar  mischief. 

(5)  Acoustic  Hyperaesthesia  is  a  symptom  of  hyperaemia  and 
inflammation  of  the  membranous  labyrinth.  It  also  occui*s  in 
some  patients  presenting  symptoms    of  general  anaemia,  and  is 

*  Landois  and  Stirling's  Physioloijy,  p.  725. 
t  Cited  by  Urbantschitsch,  I.e.,  p.  389. 
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then  probably  due  to  passive  congestion  of  the  labyrinth.  Certain 
lesions  affecting  the  auditory  nerve  are  apt  to  cause  increased 
sensitiveness  to  loud  noises  and  even  to  ordinary  sounds.  The 
sensation,  under  such  circumstances,  may  be  accompanied  by 
pain  and  distress,  and  this  peculiarity  is  noticed  even  in  deaf 
people  to  some  of  whom  loud  sounds  are  apt  to  cause  great 
annoyance.  Further  details  on  the  subject  of  acoustic  h^-per- 
sesthesia  will  be  given  in  the  chapter  on  ''  Neuroses  of  the 
Auditory  Nerve." 

The  Prognosis  in  the  majority  of  cases  is  very  unfavourable  ; 
as  a  general  rule,  pronounced  affections  of  the  labj^rinth  are  not 
amenable  to  treatment.  Some  of  the  worst  cases  are  those  in 
Avhich  the  symptoms  have  appeared  during  the  course  of  an 
acute  infectious  fever,  and  those  of  which  a  gradual  development 
is  the  marked  characteristic.  Before  venturing  upon  a  prognosis, 
it  is  generally  desirable  to  keep  the  patient  under  observation  for 
some  time.  Variations  in  the  severity  of  the  sjmiptoms  are  not 
uncommon ;  the  hearing-po^^  er  is  sometimes  influenced  by  the 
patient's  general  condition,  and  other  circumstances.  In  traumatic 
cases,  with  comparatively  slight  symptoms,  the  prognosis  is  much 
more  hopeful.  In  recent  syphilitic  cases  also,  recovery  may  be 
expected  under  proper  treatment,  even  when  the  deafness  is  con- 
siderable, and  noises  in  the  ears  form  a  prominent  symptom. 

Diagnosis  of  Diseases  of  the  Labyrinth. — In  all  cases 

of  deafness,  the  determination  of  the  seat  of  the  lesion  is,  of 
course,  indispensable  for  prognosis  and  treatment.  The  external 
and  middle  portions  of  the  ear  are  to  a  great  extent  accessible  to 
direct  examination,  and  many  aff"ections  of  these  parts  can  be 
distinguished  with  absolute  accuracy.  The  case,  however,  with 
ree-ard  to  the  labyrinth  is  altogether  different.  We  have  here  to 
deal  with  a  complicated  nervous  apparatus,  closely  connected  with 
the  brain  on  the  one  side  and  with  the  tympanic  cavity  on  the 
other,  liable  to  become  implicated  in  diseases  of  adjacent 
structures,  and  altogether  inaccessible  to  direct  examination. 
Moreover,  the  pathological  changes  to  which  the  internal  ear  is 
liable  have  not  as  yet  been  fuU}^  investigated,  and  the  connection 
between  symptoms  and  lesions  is  sometimes  ver}^  difficult  to  trace. 
There  are  other  sources  of  obscurity  in  the  diagnosis  of  diseases 
of  the  labyrinth.  It  seldom  happens  that  this  part  alone  is  the 
seat  of  change ;  in  the  majority  of  cases,  the  middle  ear  is  like- 
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wise  affected,  and  the  task  of  assigning  to  each  part  its  due  share 
in  the  production  of  the  symptoms  is  often  beset  with  difficulties, 
and  is  sometimes  quite  impossible. 

The  methods  of  diagnosing  aural  affections  in  general  have 
been  described  in  a  preceding  chapter  ;  a  few  pages  will  now  be 
devoted  to  a  special  consideration  of  the  means  to  be  adopted  for 
detecting  disorders  of  the  labyrinth  and  for  distinguishing  them 
from  affections  of  the  middle  ear. 

The  existence  of  disease  in  the  labyrinth  is  ascertained  (1) 
By  reviewing  the  symptoms  and  history  of  the  case ;  (2)  B}" 
examining  the  state  of  the  auditory  function  ;  (3)  By  determining 
the  condition  of  the  external  and  middle  ear. 

(1)  The  general  symptoms  of  diseases  of  the  labyrinth  have 
been  discussed  in  preceding  pages ;  those  most  frequently  met 
with — viz.,  deafness,  subjective  sensations,  giddiness,  and  disorder 
of  co-ordination — even  when  associated,  are  by  no  means  patho- 
gnomonic of  primary  labyrinthine  disease,  for  they  are  sometimes 
present  in  catarrh  of  the  middle  ear,  and  are  then  due  to  pressure 
of  the  effusion  upon  the  fluid  of  the  labyrinth.  When,  however, 
the  deafness  and  the  subjective  sensations  have  occurred  sud- 
denl}'' ;  when  both  ears  are  involved ;  when  there  is  a  history 
of  syphilis,  of  injury  to  the  head,  or  of  exposure  to  loud  or  to 
continuous  sounds,  the  labyrinth,  in  all  probability,  is  the  primary 
seat  of  the  disease.  The  conviction  is  strengthened  if  no  disorder  of 
the  external  or  middle  ear  can  be  detected  on  examination  made 
soon  after  the  appearance  of  the  S3miptoms.  After  the  lapse  of 
some  time  the  diagnosis  is  not  much  aided  by  such  an  examina- 
tion, inasmuch  as  changes  in  the  middle  ear — <?.f/.,  a  copious  exuda- 
tion— may  have  passed  away,  and  the  disordered  function  may  be 
due  to  the  condition  of  the  ossicles  or  fenestrae. 

(2)  The  state  of  the  auditory  function  may  be  ascertained  in 
several  ways.  The  hearing-distance  for  speech  and  the  watch  is 
determined  in  the  manner  alread}^  described  (see  page  82),  and 
when  the  watch  cannot  be  heard,  Politzer's  acoumeter  should  be 
substituted  for  it.  Several  tuning-forks,  each  having  a  different 
pitch,  are  the  most  important  instruments  for  diagnostic  purposes  ; 
and  for  determining  the  upper  limits  of  audible  sound,  Galton's 
whistle  and  Konig's  rods  supply  the  most  convenient  tests.  The 
piano  or  harmonium  may  be  employed  to  ascertain  the  perception 
of  sincrle  tones. 
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Absolute  deafness  is  pathognomonic  of  disease  of  the  laby- 
rintli.  but  is  very  rarely  met  with,  for  there  are  few  patients  who 
are  utterly  unable  to  perceive  sonorous  vibrations  conducted 
through  the  bones  of  the  head.  On  the  other  hand,  a  consider- 
able amount  of  hearing-power  ma}'  co-exist  with  disease  of  the 
labyrinth.  The  latter  may  be  suspected  to  exist  when,  associated 
with  other  symptoms,  the  deafness,  as  determined  b}'  the  watch 
and  speech,  is  comparativeh^  slight,  and  conversation  is  heard 
relatively  better  than  the  ticks  of  a  watch. 

Having  determined  the  hearing-distance  for  voice  and  speech, 
the  next  step  is  to  ascertain  the  acuteness  of  the  perception  of 
sound  conducted  by  the  bones  of  the  head.  If  a  loudly  ticking- 
watch,  placed  on  the  A'ertex  or  in  contact  with  the  mastoid 
process,  be  not  heard  at  all  in  a  patient  under  sixty  years  of 
age,  there  is  reason  to  suspect  disease  of  the  labyrinth  ;  and  if  a 
still  louder  sound,  such  as  that  produced  by  the  acoumeter,  be 
scarcely  audible  under  the  same  circumstances,  the  probability  is 
decidedly  increased. 

Still  more  definite  information  is  derived  from  the  use  of 
tuning-forks.  In  some  cases,  the  hearing-povrer  is  diminished  for 
certain  tones,  while  others  are  distinctly  heard  ;  it  is  therefore 
necessar}'  to  employ  a  series  of  tuning-forks,  extending  over 
several  octaves.  A  complete  set  would  include  C.  with  128 
vibrations;  G,  192;  c^,  256;  a\  420;  d^,  576;  g'l  768;  and 
c^,  1,024.  For  most  purposes,  however,  three  are  sufficient,  viz.. 
C,  with  128  ;  c-,  512  ;  and  c'*,  2,048.  In  deafness  due  to  disease 
of  the  nerve,  the  hearing-power  for  high  notes  is  apt  to  be 
considerably  diminished  or  even  lost,  while  low  notes  may  be 
distinctly  heard.  This  symptom,  however,  even  when  very 
marked,  is  not  sufficient  to  establish  the  diagnosis,  for  it  is 
sometimes  noticed  in  connection  with  altered  tension  of  the 
membrana  tympani  and  chain  of  ossicles. 

The  bone-conduction  of  sound  is  tested  in  the  usual  way ;  to 
determine  the  relative  capacity  of  the  two  nerves,  the  fork  is 
placed  on  some  point  of  the  median  line  of  the  head,  the  spots 
usually  selected  being  the  vertex,  forehead,  and  central  incisors 
of  the  upper  jaw.  AVhen  the  perceptive  capacity  of  the  nerve  on 
one  side  is  the  point  to  be  determined,  the  fork  should  be  placed 
on  the  mastoid  process.  As  explained  in  a  previous  chapter  (see 
page  91).  in  a  unilateral  disorder,  or  when  both  ears  are  affected 
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in  different  degrees,  if  the  tuning-fork  placed  on  the  vertex  be 
best  heard  on  the  affected  or  worse  side,  it  may  be  assumed  that 
the  nervous  apparatus  is  either  normal  or,  at  all  events,  not 
seriously  involved.  If,  on  the  other  hand,  there  be  diminished 
perception  on  the  affected  or  deafer  side,  some  lesion  of  the  nerve 
may  be  inferred  to  exist. 

Comparison  of  the  aerial  with  the  bone-conduction  of  the  sound 
of  the  tuning-fork  yields  valuable  evidence  as  to  the  condition  of 
the  labyrinth,  and  there  are  three  ways  in  which  this  comparison 
may  be  effected. 

(a)  The  tuning-fork  is  struck  and  held  in  front  of  the  ear 
until  the  sound  is  no  longer  heard.  It  is  then  again  made  to 
vibrate,  and  placed  on  the  skull ;  the  time  during  which  the 
sound  is  heard  in  both  experiments  being  carefully  noted.  The 
results  are.  however,  vitiated  by  the  fact  that  in  the  ordinary  way 
it  is  impossible  to  strike  the  tuning-fork  twice  in  succession  with 
the  same  force.  Besides  this,  the  force  with  which  the  tuning- 
fork  is  held  against  the  skull  affects  the  intensity  of  the  sound. 
To  obviate  the  former  objection,  Dr.  Eitelberg,*  of  Vienna,  has 
designed  a  tunino-fork  which  is  made  to  vibrate  bv  a  hammer  of 
soft  rubber,  and  thus  yields  a  tone  of  unvarying  and  moderate 
intensity. 

(h)  The  error  can  be  partially  corrected  by  attaching  to  the 
tuning-fork  a  few  inches  of  india-rubber  tubing  terminating'- 
in  an  ear-piece  (see  page  92).  The  surgeon  can  thus  compare 
his  own  hearing-power  (supposed  to  be  normal)  ^^'ith  that  of  the 
patient. 

(c)  Rinne's  experiment  compares  aerial  with  bone-conduction 
in  a  manner  which  renders  it  \eYy  convenient  for  diagnostic 
purposes.  A  vibrating  tuning-fork  is  applied  to  the  vertex,  the 
mastoid  process,  or  against  the  incisor  teeth.  When  the  sound 
ceases  to  be  heard,  the  instrument  is  removed  and  held  in  front 
of  the  ear,  when  the  sound  again  becomes  audible.  This  result 
is  termed  positive,  and  is  always  obtained  with  a  healthy  ear. 
When  the  sound,  conducted  through  the  bones,  is  heard  for  as 
long  a  time  as.  or  longer  than,  through  the  air,  the  result  is 
described  as  negative.  Rinne's  experiment  does  not  directly  show 
to  ^^•hat  extent  the  hearing-power  by  aerial  or  bone-conduction  is 

*  Archives  of  Otolof/;/,  vol.  xv.  p.  324.  Similar  instruments  have  been  devised 
by  Dr.  C.  J.  Blake  and  Prof.  Lucae. 

89 


610  DISEASES  OF  THE  INTERNAL  EAR. 

actually  diminished ;  but  it  measures  the  difference  which  is 
proved  by  experience  to  be  subject  to  the  greatest  variations  in 
disease  of  the  internal  ear.  If,  in  a  case  of  marked  deafness — e.f/., 
when  a  whisper  is  heard  onl}^  close  to  the  ear — Kinne's  experiment 
yields  a  positive  result,  the  existence  of  disease  in  the  nervous 
apparatus  may  be  fairly  assumed,  inasmuch  as  the  relations 
between  aerial  and  bone-conduction  have  undergone  no  alteration. 
On  the  other  hand,  if  the  result  be  negative,  that  is,  if  the  patient 
hears  the  sound  conducted  through  the  cranial  bones  as  long  as,  or 
even  longer  than  that  conveyed  through  the  meatus,  disease  of 
some  portion  of  the  conducting  apparatus  may  be  diagnosed. 
There  may  at  the  same  time  be  some  amount  of  disease  in  the 
labyrinth,  and  the  probability  is  much  increased  if  perception  for 
hip'h  notes,  as  tested  bv  a  tunino-fork  held  near  the  ear.  be  much 
diminished  or  altogether  lost.  It  must  always  be  borne  in  mind 
that  Rinne's  experiment,  like  others  based  on  the  patient's  own 
personal  observation,  furnishes  satisfactory  information  only  in 
the  more  intelligent  classes. 

Dr.  Schwabach,  of  Berlin,*  has  shown  that  in  applying  Rinne's 
test,  the  result  on  the  same  ear,  in  some  cases,  may  be  either 
positive  or  negative,  according  to  the  tuning-fork  employed.  He 
used  two  forks;  one,  c  with  128  vibrations,  and  the  c^  of  the  next 
higher  octave.  In  4*8  of  all  cases,  with  demonstrable  changes 
in  the  sound-conducting  apparatus,  this  doubtful  result  was 
obtained.  Besides  pointing  out  this  drawback  connected  with 
Rinne's  test.  Dr.  Schwabach  has  shown  that  the  conclusions  to 
be  deduced  from  a  positive  result  are  not  in  accordance  with 
Rinne's  assertion,  for  in  manj^  cases  of  indisputable  affections  of 
the  sound-conducting  apparatus,  one  or  other  fork  could  be  heard 
at  the  meatus  after  perception  through  the  bones  had  ceased,  and 
onh'  in  a  few  such  instances  could  it  be  assumed  that  the  auditory 
nerve  was  implicated.  Lucae's  statement  likewise  that  Rinne's 
assertions  are  correct  only  when  marked  deafness  exists — e.'/..  when 
whispered  speech  can  be  heard  at  no  greater  distance  than  three 
feet — does  not  hold  good  of  all  cases.  Dr.  Schwabach  admits  that 
in  cases  with  no  objectively  demonstrable  changes  in  the  sound- 
conducting  apparatus,  a  positive  result  with  Rinne's  experiment 
justifies  the  assumption  of  disease  in  the  nervous  apparatus.  He 
has  proposed  an  additional  method  of  distinguishing  between 
*  Archives  of  Otology,  vol.  xv.  p.  195. 
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affections  of  the  sound-conducting  apparatus  and  those  of  the 
labyrinth.  ••  If  a  tuning-fork  be  struck,  and  immediately  applied 
to  the  vertex  of  a  partiall}-  deaf  person,  and  the  time  measured 
until  the  tone  dies  away,  in  diseases  of  the  sound-conducting 
apparatus,  the  duration  of  perception  is  much  longer  than  in 
health ;  but  in  affections  of  the  perceiving  apparatus  this  period 
is  either  the  same  as  or  less  than  the  normal."  This  method  of 
examination  may  aid  in  settling  the  diagnosis  in  difficult  cases, 
especially  when  objectively  demonstrable  changes  are  present  in 
the  sound-conducting  apparatus  and  Rinne's  experiment  at  the 
same  time  gives  a  negative  result. 

Dr.  Bezold,*  of  Munich,  recommends  that  Rinne's  experiment 
should  always  be  supplemented  by  a  comparison  of  the  surgeon's 
hearing-power  (supposed  to  be  normal),  with  that  of  the  patient. 
He  uses  two  tuning-forks ;  one  corresponding  with  a^  (420  vibra- 
tions) and  the  other  A^.  two  octaves  lower  (106).  The  former,  if 
permitted  to  vibrate  freely  in  the  air,  can  be  heard  for  eighty 
seconds  by  a  person  of  normal  hearing;  for  eleven  seconds  if 
placed  on  the  vertex,  and  then  for  thirty  seconds  more  by  aerial 
conduction  if  held  in  front  of  the  meatus.  Under  similar  con- 
ditions, the  second  fork,  if  struck  moderately  hard,  can  be  heard 
for  ninety,  twenty-four,  and  forty-two  seconds  respectively.  It 
must  be  remembered  that  the  greater  the  pressure  with  which  the 
tuning-fork  is  held  against  the  skull,  the  sooner  the  instrument 
comes  to  rest  and  the  sound  ceases.  When  usino-  a  laro-e  tunino- 
fork,  the  pressure  can  easily  be  regulated  by  holding  the  handle 
perpendicular  to  the  surface  of  the  skull,  and  letting  its  own 
weight  keep  the  fork  in  its  place. 

Dr.  Hartmann,t  of  Berlin,  recommends  that  five  tuning-forks 
should  be  employed  for  testing  the  hearing,  viz.,  c,  128  ;  c\  256  ; 
c\  512;  c^  1024;  and  c^  2048.  The  low-pitched  are  made  to 
vibrate  by  squeezing  them  with  the  fingers,  and  suddenlv  letting 
them  go  ;  the  high-pitched,  by  striking  them  sharply  and  forcibly 
on  a  block  of  wood.  Dr.  Hartmann's  experiments  show  that  the 
mechanical  arrangements  suggested  by  Blake,  Lucae,  and  Eitel- 
berg  are  unnecessary,  and  that  for  all  practical  purposes  equal 
durations  of  sound  can  be  obtained  by  striking  the  fork  in  the 

*  '•  On  the  Diagnostic  Value  cf  Klnne's  Experiment,"  Archives  of  Otolofjij,  vol. 
xvi.  p.  188. 

t  Archives  of  OtoUxjij,  vol.  xvi.  p.  236. 
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ordinary  inaiiiier.  A  similar  conclusion  lias  been  arrived  at  1)}' 
Dr.   Emerson.* 

Before  considering  the  inferences  to  be  drawn  from  variations 
in  the  perception  of  high  and  low  notes,  it  is  necessary  to  allude  to 
certain  other  advantages  and  (h'awbacks  connected  with  Kinne's. 
test.  It  must  be  borne  in  mind  that  as  a  general  rule  the  test  is 
applicable  onh'  in  bilateral  affections,  which,  however,  are  much 
more  common  than  disease  involving  one  side  only.  In  the  latter, 
the  impossibility  of  excluding  perception  by  the  healthy  ear  lessens 
the  accuracy  of  all  tests  by  means  of  the  tuning-fork.  It  is 
extremely  improbable  that  bone-conduction  should  ever  be  in- 
creased b}^  pathological  processes  involving  the  lal)yrinth  or  the 
trunk  of  the  auditory  nerve;  and  when  Kinne's  test  yields 
decidedly  negative  results,  the  conclusion  is  justifiable  that  dis- 
order exists  in  the  sound-conducting  apparatus,  favouring  bone- 
conduction  in  consequence  of  increased  resonance  or  of  obstruction 
to  the  escape  of  the  sonorous  vibrations.  The  frequency  with 
which  disorder  of  the  nervous  apparatus  is  combined  with  affec- 
tions of  the  middle  ear  accounts  for  the  anomalous  results  of 
Einne's  test.  In  some  cases  of  nervous  deafness  the  anticipated 
preponderance  of  aerial  conduction  may  fail  to  appear,  by  reason 
of  the  co-existence  of  an  affection  of  the  sound-conducting 
apparatus.  A  plug  of  cerumen,  for  example,  may  cause  a  decided 
preponderance  of  bone-conduction  in  a  case  of  labja^inthine 
disorder.  On  the  other  hand,  as  pointed  out  by  Dr.  Brunner.f 
in  an  affection  of  the  sound-conducting  apparatus  (e.f/.,  middle- 
ear  catarrh),  the  expected  preponderance  of  bone-conduction  over 
air-conduction  can  be  weakened  or  even  reduced  to  a  minimum 
by  a  simultaneous  affection  of  the  labyrinth,  or  more  generally 
speaking,  of  the  sound-perceiving  apparatus. 

In  mixed  cases  there  are  therefore  two  causes  which  mcKJify 
the  results  of  Kinne's  test.  The  first  (an  affection  of  the  external 
or  middle  ear)  more  or  less  intensifies  bone-conduction;  the  second 
(the  lesion  of  the  nervous  apparatus)  diminishes  conduction 
through  the  bones  as  compared  with  that  through  the  air.  In 
cases  of  this  character,  the  difficulty  is  to  determine  to  what 
extent  each  of  the  two  divisions  of  the  organ  of  liearing  is 
affected  by  disease. 

*  Archives  of  Otolopi/,  vol.  xii.  p.  64. 
t  Ibid.,  vol.  xiii.  p.  264. 
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Dr.  Brunner  lays  stress  upon  the  fact  that  any  given  spot 
upon  the  skull  may  differ  exceedingly  in  its  conducting  powers 
from  all  other  points  on  the  same  side  of  the  head ;  and  he 
recommends  the  mastoid  process  as  the  spot  most  suitable  for 
the  application  of  t]\e  tuning-fork,  which  should  always  be  pressed 
firmly  against  the  bone.  Low-pitched  forks  are  heard  better  and 
with  more  facility  by  bone-conduction  than  forks  yielding  a  note 
of  high  pitch.*  This  difference,  according  to  the  same  authority, 
depends  less  upon  the  greater  mass  of  the  low-pitched  forks  tlian 
upon  the  number  of  vibrations,  and  is  probably  due  to  the  fact 
that  the  slower  vibrations  of  these  forks  possess  a  greater  potential 
agency,  and  are  therefore  more  capable  of  exciting  vibrations  in 
the  bones  and   labyrinth. 

Testing  with  high  and  low  notes  is  another  means  of  aiding 
the  diagnosis,  and  for  this  purpose  Galton's  whistle  and  Konig's 
rods  are  convenient  instruments.  AVhen.  in  any  given  case  of 
impaired  hearing,  the  perception  of  low  notes  is  but  slightly 
affected,  whereas  that  of  high  notes  is  much  diminished,  and 
iiinne's  test  yields  a  positive  result,  disease  of  the  nervous 
apparatus  of  the  ear  may  generally  be  inferred  to  exist.  Galton's 
whistle  (see  page  87)  can  be  made  to  produce  notes  of  varying 
pitch  by  advancing  or  withdrawing  a  phig  in  its  base.  The  more 
nearly  the  plug  is  screwed  home  the  less  is  the  depth  of  tlie 
whistle,   and  the   higher  its  note. 

In  most  diseases  of  the  external  and  middle  ear  high  notes 
are  perceived  more  readily  than  low  ones.  By  way  of  explaining 
the  opposite  condition  which  generally  obtains  in  labyrinthine 
<lisease,  Brunner  supposes  that  the  perception  of  high  notes  makes 
greater  demands  upon  the  sensibility  of  one  portion  of  the 
nervous  apparatus,  and  consequently  that  the  function  of  this 
portion  is  much  more  easily  and  rapidly  interrupted  by  increased 
waste  and  pathological  processes  than  happens  elsewhere.  It  is 
a  matter  of  common  experience  that  in  advanced  age  perception 
of  the  highest  notes  is  considerably  diminished  and  that  bone- 
conduction  is  also  decreased.  These  alterations  are  due  to  senile 
torpor  of  the  nervous  apparatus  of  the  labyrinth.  ^Ir.  Galton 
refers  to  a  proverb  in  Dorsetshire,  that  no  agricultural  labourer 
who  is  more  than   forty  years  old  can   hear  a  bat  squeak. 

*  On  this  subject  see  also  Dr.  Emerson's  paper  in  the  ArclHves  of  Otology, 
vol.  xii.  p.  63. 
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Diminished  perception  of  high  notes  is  not,  however,  always-- 
met  witli  in  cases  of  labyrinthine  disorder.  On  the  contrary,  in 
some  instances,  low  notes  are  less  distinctly  heard  than  high 
ones ;  and  in  very  rare  cases  the  perception  for  both  classes  of 
notes  is  uniformly  diminished.  The  loss  of  a  series  of  notes 
(partial  tone-defects)  points,  almost  certainly,  to  some  affection 
of  the  labyrinth. 

Konig's  rods  are  emploj^ed  for  the  same  purposes  as  Galton's 
whistle,  viz.,  to  ascertain  the  perceptive  power  for  high  notes. 
The  rods  are  suspended  by  loops  of  silk  or  fine  wive,  and  in  order 
to  obtain  a  definite  intensity  of  sound,  a  small  steel  pendulum, 
swinging  through  an  arc  of  90°,  hangs  from  the  same  beam  as  the 
steel  rod.  A  graduated  scale,  over  which  the  pendulum  swings,  is 
also  attached  to  the  beam,  and  by  its  means  the  force  with  which 
the  rod  is  struck  can  always  be  estimated  and  repeated  as  often 
as  necessary.  These  additions  were  suggested  by  Dr.  Blake,  of 
Boston,  U.S.,  who  has  found  that  the  perceptive  faculty  for  high 
notes  varies  with  the  age.  At  twelve  or  thirteen  a  note  of  40,960 
vibrations  per  second  was  heard  at  a  distance  of  thirtj^-four  feet. 
At  from  twenty-eight  to  thirty  3'ears,  only  notes  of  32,768 
vibrations  were  audible,  and  above  the  age  of  fifty  the  limit  of 
perception  had  still  further  diminished.  For  testing  the  condition 
of  the  labyrinth  a  series  of  rods  are  required,  yielding  20,000 
vibrations  and  upwards  per  second. 

(3)  In  cases  of  suspected  disease  of  the  labyrinth,  the  con- 
dition of  the  membrana  tynipani  and  of  the  Eustachian  tube 
must  of  course  be  carefully  noted.  If  these  structures  are 
apparently  normal,  if  the  disorder  of  hearing  is  of  recent  date, 
and  has  come  on  suddenlj^,  the  case  is  probably  one  of  disease  of 
the  labyrinth.  The  other  tests,  already  mentioned,  must  be  used 
to  confirm  the  diagnosis.  If  some  months  or  years  have  elapsed 
since  the  appearance  of  the  symptoms,  a  normal  condition  of  the 
membrane  and  Eustachian  tube  ^^■ill  not  necessarily  suggest 
disease  of  the  labyrinth,  as  it  is  quite  compatible  with  the 
existence  of  ankylosis  of  the  stapes  to  the  fenestra  ovalis. 
When  changes  are  discovered  in  the  tympanic  membrane,  the 
attempt  must  be  made  to  determine  whether  they  are  sufficient 
to  account  for  the  symptoms,  or  whether  some  disease  of  the 
labyrinth  likewise  co-exists.  A  consideration  of  the  history  and 
sym])toms  of  the  case,  and  the  employment  of  Binne's  test,  will 
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assist  in  establishino-  the  diao-nosis.  It  is  evident  that  the  nature 
of  the  disease  must  be  determined  not  by  the  presence  of  any 
one  symptom  or  the  use  of  any  single  test,  but  only  after  a  careful 
examination  by  all  the  methods  at  our  disposal,  and  due  attention 
to  the  history  and  special  features  of  the  case. 


GIG 


CHAPTEE   XL. 

DISORDEES  OF  CIRCULATION  IX  THE  LABYRINTH. 

AX.EMIA—HYPER.EMI A— INFLAMMATION  OF  THE 

LABYRINTH. 

Ansemia  of  the  Labyrinth,  Causes  and  Symptoms— Hypersemia  of  the 
Labyrinth,  Causes  and  Symptoms — Diagnosis — Treatment  of  Dis- 
orders of  Circulation — Inflammation  of  the  Labyrinth — Pathology- 
Question  as  to  Primary  Origin — Causes — Gruber's  Classification — 
Exudative  and  Plastic  Forms — Cases  due  to  Diphtheria — Appear- 
ances in  Cases  of  Cerebro-Spinal  Fever — Symptoms — Prognosis^ — 
Treatment. 

Disorders  of  circulation  in  the  labyrinth  often  accompanj^  the 
various  forms  of  middle-ear  inflammation,  and  are  discoverable 
in  fatal  cases  on  examination  after  death.  More  or  less  extensive 
hypersemia  and  haemorrhage  are  the  appearances  most  often 
noticed  ;  but  their  connection  with  the  sj'mptoms  has  not  been 
clearly  determined.  There  is,  however,  reason  to  believe  that 
these  changes  in  the  labyrinth  set  up  irritation  of  the  sound- 
perceiving  apparatus,  and  cause  tinnitus,  impairment  of  hearing, 
giddiness,  nausea,  vomiting,  etc.  As  a  matter  of  fact,  however, 
the  cranial  contents  are  often  simultaneously  involved  in  the 
circulatory  disorder,  and  the  symptoms  thus  produced  may 
mask  or  modify  those  due  to  the  condition  of  the  internal  ear. 
A  general  condition  of  Anaemia  does  not  necessarily  produce 
any  special  symptoms  referable  to  the  labyrinth,  unless  haemor- 
rhage occur  into  the  part  itself.  In  that  case  sudden  deafness  is 
likel}'  to  be  developed.  More  or  less  impairment  of  hearing- 
power  is  not  infrequent  in  cases  of  general  debility,  exhausting- 
diseases,     haemorrhages,     repeated    pregnancies,    and    prolonged 
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lactation ;  and  these  conditions  tend  to  aggravate  any  existing 
disorder  of  the  middle  ear,  and  increase  the  liability  of  the 
labyrinth  to  become  affected. 

Murmurs  produced  in  the  cervical  vessels  are  often  distinctly 
perceived  by  the  patient,  and  seem  to  originate  within  the  ears, 
especially  when  the  resonance  is  abnormally  increased,  as  occurs 
in  middle-ear  inflammation,  and  as  a  result  of  accumulation  of 
cerumen.  Sj'mptoms  in  the  labyrinth,  due  to  functional  dis- 
orders— e.7.,  ana?mia — are  less  troublesome  when  the  patient 
assumes  the  horizontal  position. 

Disorder  of  hearing,  as  a  result  of  ana?mia  of  the  labyrinth 
and  brain,  often  precedes  faintness  and  syncope ;  all  sounds 
appear  less  intense,  and  tinnitus  of  various  kinds  is  associated 
with  giddiness  and  dimness  of  vision. 

A  condition  of  anaemia,  limited  to  the  labyrinth,  may  be  due 
to  narrowing  or  closure  of  the  internal  auditory  or  basilar  artery. 
Sudden  deafness  has  been  produced  by  embolism  of  the  latter 
vessel. 

Hypersemia  of  the  structures  of  the  labyrinth  is  a  usual 
accompaniment  of  inflammation  of  the  middle  ear,  and  in 
neighbouring  tissues,  but  it  also  occurs  in  the  absence  of  any 
inflammatory  processes.  Thus  tumours,  e.7.,  scrofulous  glands 
in  the  neck,  b}^  compressing  the  veins,  may  produce  marked 
congestion  in  the  aural  structures.  A  similar  result  is  sometimes 
due  to  irritation  of  the  sympathetic  and  fifth  pair  of  nerves,  and 
to  affections  of  the  spinal  cord.  In  Bernard's  w^ell-known  experi- 
ment, hyperaemia  and  increased  temperature  in  the  ear  are 
immediately  produced  by  section  of  the  cervical  sympathetic. 
Congestion  of  the  head  from  any  cause  is  liable  to  be  attended  by 
hyperaemia  of  the  labyrinth ;  and  in  most  febrile  affections, 
but  especially  in  scarlatina  and  typhus,  there  is  often  more  or 
less  congestion  of  the  internal  ear.  Alcohol  in  full  doses,  Cjuinine. 
salicylate  of  sodium,  and  amyl  nitrite  are  capable  of  producing 
the  same  condition.  Thrombosis  of  the  superior  or  inferior 
petrosal  sinuses,  or  of  the  internal  jugular  vein,  must  obstruct 
the  escape  of  blood  from  the  internal  ear  and  give  rise  to  con-, 
gestion.  A  similar  condition  is  often  developed  as  a  result  of 
violent  exercise,  and  in  performers  on  wind-instruments. 

The  Symptoms  of  hyperaemia  of  the  labyrinth  are  much  the 
same  as  those  of  anaemia ;  the}'  consist  of  more  or  less  deafness, 
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subjective  auditon^  sensations,  often  of  a  pulsating  character, 
giddiness,  nausea,  and  ])erhaps  vomiting.  The  symptoms  are 
aggravated  by  alcohol  and  by  the  horizontal  position.  Hj'per- 
a^sthesia  of  the  auditory  nerve  may  be  due  to  congestion  of  the 
labyrinth. 

The  Diagnosis  is  aided  by  observation  of  the  general  condition 
of  the  patient  and  by  examining  the  ear.  Hyperaemia  of  the 
labyrinth  may  be  assumed  to  exist  when  bone-conduction  is 
diminished  or  altogether  lost,  and  when  the  osseous  portion  of 
the  meatus  and  the  membrane  are  somewhat  hyperaemic,  but  no 
change  can  be  discovered  in  the  middle  ear.  In  cases  in  which 
the  latter  part  is  already  the  seat  of  disease,  congestion  of  the 
labyrinth  will  be  follo^^■ed  by  increase  of  deafness  and  of  sub- 
jective sensations  and  by  impairment  of  bone-conduction.  These 
symptoms  will  not  be  relieved  but  probably  aggravated  by  the 
air-douche.  It  must  be  remembered  that  the  two  conditions, 
anaemia  and  congestion,  are  for  the  most  part  symptomatic  either 
of  some  general  affection  or  of  some  disease  of  the  ear. 

The  Prognosis  will  depend  upon  the  nature  of  the  associated 
disorder.  As  a  general  rule,  more  or  less  relief  can  be  afforded  in 
all  cases  of  disordered  circulation  in  the  labyrinth. 

The  Treatment  must  be  adapted  to  the  co-existing  conditions. 
When  the  anaemia  is  part  of  a  general  disorder,  the  various  pre- 
parations of  iron,  stimulants,  rest,  good  food,  and  fresh  air  are 
likely  to  prove  serviceable.  When,  however,  there  are  evidences 
of  congestion  of  the  head,  and  the  vessels  of  the  tympanum  are 
enlarged  and  prominent,  it  will  be  desirable  to  apply  a  few 
leeches  over  one  or  both  mastoid  processes.  If  the  cerebral 
congestion  be  very  marked,  it  will  be  better  to  take  a  few  ounces 
of  blood  by  cupping  at  the  back  of  the  neck.  At  the  same 
time,  the  bowels  should  be  freely  relieved  by  calomel  or  saline 
purgatives.  In  chronic  cases,  warm  foot-baths,  with  a  little 
mustard,  every  night,  will  be  of  service,  and  the  cerebral  sym- 
ptoms will  be  further  relieved  by  blisters  behind  the  ears  and 
to  the  back  of  the  neck.  The  application  of  tincture  of  iodine 
to  the  mastoid  process  is  sometimes  useful.  Massage  to  the 
neck  is  also  recommended.  The  diet  and  mode  of  living  in  other 
respects  must,  of  course,  be  carefully  regulated.  The  patient 
should  avoid  everything  likely  to  cause  determination  of  blood 
to  the  head — e.<j.,  excessive    mental  work  ;    and  if  compelled    to 
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continue  in  am'  such  occupation,  should,  as  far  as  possible, 
refrain  from  stooping  over  it.  Bathing  the  head  in  cold  water 
is  generally  unadvisable ;  it  is  liable  to  aggravate  the  subjective 
symptoms. 

As  a  matter  of  course,  any  existing  affection  of  the  ear  will 
recpiire  careful  attention.  In  many  cases  the  subjective  sensa- 
tions are  relieved,  though  only  for  a  time,  b}'  rarefying  the  air  in 
the  external  meatus.  The  application  to  the  ear  of  rectified 
spirit  of  wine  with  a  little  ether  has  sometimes  a  good  effect, 
and  in  cases  in  which  the  subjective  symptoms  are  very  trouble- 
some, the  bromides  may  be  prescribed  with  advantage. 

INFLAMMATION    OF    THE    LAPA'RINTII— OTITIS    INTERNA. 

Infiammatory  processes  are  apt  to  extend  to  the  labyrinth 
from  neighbouring  parts  ;  and  the  complication  is  most  often 
observed  in  cases  of  caries  and  necrosis  of  the  temporal  bone. 
It  is  comparatively  rare  for  infiammation  to  extend  from  the 
tympanum  or  mastoid  cells  to  the  internal  ear.  and  cases  of  this 
kind  are  probably  due  to  the  influence  of  micro-organisms.  Drs. 
McBride  and  Bruce*  have  recorded  a  remarkable  instance  of  this 
character ;  the  morbid  process  had  extended  not  only  to  the 
labyrinth,  but  to  the  cerebellum.  The  patient  had  suffered  from 
chronic  middle-ear  suppuration  on  the  right  side,  with  destruction 
of  the  membrana  tympani  and  ossicles.  Three  days  before  death 
the  tuning-fork  ^^•as  heard  best  by  the  diseased  ear.  hence  the 
nerve  and  labyrinth  were  then  normal.  Sections  of  the  semi- 
circular canals  showed  copious  infiltration  with  rod-shaped 
bacteria,  masses  of  which  ^^•ere  found  between  the  osseous 
lamellag,  in  the  coats  of  the  arteries,  and  in  the  diploetic  spaces. 
The  veins  for  the  most  part  contained  plugs,  made  up  of 
enormous  numbers  of  bacteria.  Similar  organisms  were  found 
in  the  sheath  of  the  facial  nerve  and  in  the  connective  tissue 
between  the  fibrilloe.  An  abscess  as  large  as  a  walnut,  and  con- 
taining bacteria,  was  found  in  the  cerebellum  on  the  same  side. 

In  very  rare  cases  the  inflammation  in  the  labyrinth  is 
secondary  to  some  morbid  jDrocess  within  the  cranium.  In  cases 
of  cerebro-spinal  meningitis,  purulent  matter  has  been  known  to 

*  "The  Pathology  of  a  Case  of  Fatal  Ear-disease,"  Journal  of  Anat.   and 
Physiol.,  vol.   xiv. 
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find  its  way  along  the  auditoiy  nerve  to  the  internal  ear.  On 
the  other  hand,  in  cases  of  injury  of  the  osseous  capsule,  sero- 
purulent  or  haemorrhagic  exudation  into  the  labyrinth  may  lead 
to  purulent  meningitis. 

The  occurrence  of  primary  inflammation  of  the  labyrinth  must 
now  be  regarded  as  proved  ;  though  some  of  the  cases  recorded 
under  that  heading  are  really  instances  of  secondary  mischief. 
Primary  inflammation  of  the  internal  ear  is  especially  apt  to 
occur  in  children,  but  adults  are  not  exempt  from  it.  A  case  is 
recorded  by  Schwartze*  of  acute  purulent  inflammation  of  the 
labyrinth,  leading  to  suppurative  meningitis,  and  occurring  in 
a  woman,  thirty-two  years  of  age,  and  who  had  been  syphilitic 
for  eight  months.  There  had  been  constant  pain  in  the  head, 
giddiness,  and  uncertain  gait,  for  some  weeks  before  death  :  and 
these  symptoms  were  followed  by  fever,  vomiting,  delirium,  and 
coma.  On  post-mortem  examination  pus  was  found  at  the  base 
of  the  brain,  and  along  the  course  of  the  vessels  in  the  fissure 
of  Sylvius.  The  auditory  nerve,  temporal  bone,  and  tympanum 
were  normal.  The  cochlea,  vestibule,  and  semi-circular  canals 
were  filled  with  a  sero-purulent  fluid  ;  the  blood-vessels  of  the 
ampullae  were  congested  and  tortuous,  and  the  saccules  of  the 
vestibule  were  reddened  and  infiltrated  with  pus. 

Moosf  has  described  a  case  in  which  inflammation  of  the 
■abyrinth  on  both  sides  was  found  in  a  child  that  had  died  from 
scarlatina  and  diphtheria.  The  saccules,  the  semi-circular  canals, 
^md  the  membranous  lamina  sjnralis  were  infiltrated  with  a 
purulent  small-celled  exudation.  It  would,  moreover,  appear  that 
labyrinthine  inflammation  may  consist  of  a  periostitis.  Thus,  in 
the  case  of  a  boy,  aged  fourteen,  who  had  suffered  from  otorrhoea 
and  convulsions  for  two  and  a-half  years.  Politzeri  found  the 
cochlear  spaces  to  be  completely  choked  up  by  new-formed  osseous 
material.  The  vestibule  was  so  narrowed  by  the  hyperplastic 
lu'ocess  as  to  form  only  a  small  cleft,  and  the  semi-circular  canals 
had  altogether  disappeared.  In  this  case,  purulent  inflammation 
had  been  the  first  stage,  and  this  had  excited  connective  tissue 
jn'oliferation  from  the  lining  membrane,  and  ossifying  periostitis. 
Cases  of  partial  and  total  ossification  of  the  labyrinth  as  a  result 

*  ArcMvfur  Ohrenheilhinde,  Bd.  xiii. 

t  Archil- fur  Augcn-  nnd  Ohrenhcilkumlc,  Bd.  v. 

:*:  Lehrhnch  der  Ohrenheilhunde,  S.  496. 


DISORDERS  OF  CIRCULATION   IX  LABYRINTH.  (321 

of  inilainination  have  also  been  descril:)ed  by  Kundrat.  Burckliardt- 
Meriaii,  and  others. 

Causes. — Xothing-  definite  can  be  stated  with  regard  to  the 
causes  of  primary  inflammation  of  the  labyrinth.  It  has  been 
attributed,  in  different  cases,  to  exposure  to  cokl,  to  metastasis, 
and  to  injuries.  The  pathological  appearances  show  that  various 
forms  of  inflammation  are  liable  to  occur  in  the  internal  ear,  and 
Gruber  thinks  that  at  least  two  kinds  may  be  distinguished,  which 
he  terms  "•  exudative"  and  ."  plastic."  In  the  former,  the  exuda- 
tion may  be  serous,  sero-hasmorrhagic,  or  purulent;  the  latter  is 
characterised  by  hyperplasia  of  tissue.  He  thinks  that  serous 
exudation  occurs  in  those  cases  where,  without  obvious  cause 
except  exposure  to  cold,  an  ear  previously  normal  becomes  deaf 
in  various  degrees,  and  is  the  seat  of  more  or  less  marked  sub- 
jective sensations.  Xothing  morbid  can  be  detected  in  the 
remaining  parts  of  the  ear ;  there  are  no  reasons  for  suspecting^ 
the  existence  of  any  central  lesion,  and  all  the  symptoms  disappear 
in  the  course  of  time.  It  is  possible  that  the  exudation  may  have 
taken  place  only  in  the  canal  of  the  osseous  spiral  lamina.  The 
bundles  of  nerve-flbres  are  compressed,  and  their  functions  rapidly 
abolished  ;  but  with  the  absorption  of  the  exudation  all  the  sym- 
ptoms pass  a^^'ay.  In  such  cases,  it  is  more  probable  that  the 
labyrinth  is  affected  than  that  the  trunk  of  the  nerve  is  com- 
pressed, for  in  the  latter  case  the  lesion  would  certainly  be 
associated  with  symptoms  referable  to  other  nerves. 

If  copious  exudation  be  rapidly  poured  out,  as  would  occur 
with  rupture  of  vessels,  the  resulting  disorder  would  be  very 
severe  and  probably  irreparable.  In  this  category  may  be  placed, 
according  to  Gruber,  certain  cases  of  loss  of  hearing  occurring  in 
syphilitic  subjects.  With  or  even  without  previous  catarrh  of  the 
middle  ear,  and  perhaps  after  exposure  to  cold,  an  acute  affection 
of  the  labyrinth  comes  on,  the  permanent  result  of  which  is  total 
loss  of  hearing. 

Purulent  inflammation  may  occur  in  the  laloyrinth  as  the 
result  of  injurv  and  of  the  invasion  of  bacteria  of  various  forms. 
Lesions  of  the  internal  ear,  of  this  type,  occur  in  the  course  of 
small-pox.  scarlet  fever,  diphtheria,  typhus,  and  measles.  In  all 
these  disorders,  the  morbid  process  probably  extends  from  the 
throat  to  the  middle  ear  and  thence  to  the  labyrinth ;  and  it  is  in 
this  last  portion  that  the  most  decided  effects  may  be  produced. 
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Moos*  has  recorded  an  account  of  tlii'ee  cases  of  fatal  diph- 
theria, in  which  the  labyrinth  was  involved,  while  the  tympanum 
was  affected  only  by  catarrhal  inflammation.  The  membranous 
semi-circular  canals,  in  many  spots,  were  partially  or  entire!}^ 
blocked-up  with  masses  of  cells  and  coagulated  lym])h.  The 
development  of  connective  tissue,  bone  and  vessels  had  alread}^ 
taken  place  in  some  of  these  deposits.  In  the  osseous  walls  of 
the  lab3'rinth  there  were  evidences  of  inflammation,  of  hyperplasia, 
and  of  disintegration.  The  medullary  spaces  of  the  petrous 
portion  and  the  aquaeductus  vestibuli  were  filled  with,  chains  of 
micrococci,  which  were  also  found  in  the  endo-  and  peri-lymphatic 
spaces  of  the  semi-circular  canals,  but  not  in  the  cochlea  or 
vestibule.  These  micro-organisms  were  thought  to  be  accidental 
in  diphtheria,  but  to  be  capable  of  producing  severe  disease  of  the 
labyrinth.  They  may  reach  the  internal  ear  through  the  vessels, 
but  they  may  also  find  their  way  thither  from  the  sub-dural 
'.spaces,  which,  according  to  Sch^^'albe,  are  connected  with  the  deep 
cervical  glands,  the  sub-dural  spaces  of  the  nerve-roots,  especially 
of  the  auditory  nerve,  and  the  lymphatics  of  the  nasal  mucous 
membrane. 

The  labyrinth  is  not  infrequently  affected  in  severe  typhoid. 
In  six  cases,  examined  by  Moos,  there  were  evidences  of  inflam- 
mation and  hyperplasia  in  the  utricle,  sacculus,  ampullae,  and 
membranous  lamina  spiralis,  and  the  semi-circular  canals  were 
implicated  to  a  less  extent.  The  infiltration  consisted  of  lym- 
phoid and  smaller  cells. 

The  appearances  found  in  disease  of  the  labyrinth  connected 
with  cerebro-spinal  fever  more  or  less  resemble  those  already 
•described.  They  consist  in  destruction  of  the  soft  parts  and  new 
formation  of  connective  tissue  and  bone.  Many  pus-cells  pass 
between  the  nerve-fibrils ;  a  large  number  of  epithelial  cells  are 
•detached  and  become  indurated ;  patches  of  extravasated  blood 
are  frecpiently  noticed,  and  there  is  more  or  less  degeneration  of 
nerve  fibres.  Pus  cells  and  extravasated  blood  are  sometimes 
found  in  the  facial  canal  and  in  the  aqua^ductus  cochleae:  the 
structures  of  the  ductus  cochlearis  may  be  entirely  destroyed, 
and  the  cochlea  itself  filled  up  with  pus,  masses  of  epithelium 
nnd  detritus,  and  particles  of  necrosed  bone.  In  extreme  cases, 
the  semi-circular  canals,  the  ampulla?  and  the  vestibule  may  all 
*  Archives  of  Otfllogy,  vol.  xvii.  p.  1. 


DISORDERS  OF  CIRCULATIOX  IX  LABYRIXTII.  623 

he  destroyed,  and  the  process  not  infrequently  extends  to  the 
middle  ear.  It  has  been  shown  that  the  lymph-passages  of  the 
nose  may  act  as  channels  for  the  micro-organisms,  which  may 
pass  thence  into  the  sub-arachnoideal  spaces  of  the  brain,  and 
then  into  the  perilymph.  The  existence  of  these  means  of  com- 
munication serves  to  account  for  the  early  development  of  the 
processes  in  the  ear  and  their  bilateral  character. 

Symptoms. — The  evidences  of  primary"  inflammation  of  the 
labyrinth  are  by  no  means  clearly  defined.  In  Voltolini's  cases, 
the  disease  was  ushered  in  b}^  a  short  stage  of  cerebral  congestion 
and  vomiting.  This  was  followed  by  elevation  of  temperature, 
delirium,  and  convulsions,  which  subsided  in  the  course  of  several 
days,  when  absolute  deafness  and  a  staggering  gait  were  clearly 
noticeable.  Anatomical  investigations  were  wanting,  and  in  all 
probability  the  symptoms  were  due  to  meningitis  of  a  rapid 
type. 

Secondary  inflammation  of  the  labyrinth  is  doubless  much 
more  common,  though  the  symptoms  are  by  no  means  distinct. 
The  diagnosis  is  mainly  effected  by  testing  the  hearing-power. 
If  bone-conduction  be  altogether  lost  on  the  affected  side,  and 
Rinne's  test  yield  positive  results  as  far  as  can  be  made  out ;  if 
in  Weber's  experiment  the  tuning-fork  is  heard  exclusively  or 
much  more  distinctly  on  the  better  side ;  if  high  notes  are  either 
badly  heard  or  not  perceived  at  all,  the  evidence  in  favour  of 
labyrinthine  complications  is  exceedingly  strong.  The  tests  must 
be  applied  very  carefully  and  on  several  occasions,  and  it  must 
be  remembered  that  impairment  of  hearing  for  high  notes  is 
not  a  constant  symptom,  even  when  the  labyrinth  is  decidedly 
involved. 

The  subjective  symptoms  are  not  pathognomonic  ;  the  patients 
usually  complain  of  very  severe  tinnitus,  impairment  of  hearing 
or  complete  deafness  coming  on  suddenly,  pain  in  the  head, 
pressure  or  fulness  in  the  ear,  vomiting,  giddiness,  and  loss  of 
balancing  power. 

In  cerebro-spinal  meningitis  the  aural  symptoms  may  appear 
at  the  commencement  or  not  until  the  termination  of  the  disease ; 
the  patient,  on  recovering  consciousness,  is  found  to  be  deaf, 
probably  on  both  sides,  and  to  stagger  when  attempting  to  walk. 
Labyrinthine  disease,  occurring  in  the  course  of  scarlatina  and 
diphtheria,  is  generally  preceded  by  suppurative  inflammation  of 
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tlie  middle  ear.  The  symptoms  of  lal)yrinthiiie  complications 
connected  witli  influenza,  mumps,  and  other  kindred  diseases 
liave  been  described  in  a  previous  chapter  (see  page  538,  et  seq.). 

Prognosis. — This  is  for  the  most  part  unfavourable,  but  there 
is  some  hope  for  those  cases  which  occur  without  fever  and  are 
unilateral.  Improvement  can  sometimes  be  effected  in  recent 
cases  of  syphilitic  internal  otitis,  to  be  subsequently  described. 
In  most  patients,  however,  the  impairment  of  function  either 
remains  without  change,  or  gradually  proceeds  until  the  stage 
of  total  deafness  is  reached.  The  subjective  sensations  are  often 
ver}^  obstinate  and  troublesome,  but  the  evidences  of  disorder  of 
equilibrium  maj^  pass  off  after  a  time,  perhaps  not  until  the 
patient  has  become  quite  deaf.  If  children  become  affected 
before  they  have  learned  to  speak,  or  shortly  afterwards,  deaf- 
mutism  is  the  ordinary  result,  unless  great  care  be  taken. 

Treatment. — In  all  cases  in  which  there  is  reason  to  suspect 
that  the  lal)yrinth  is  the  seat  of  inflammation,  the  treatment  must 
be  regulated  according  to  the  general  condition  of  the  patient, 
and  the  co-existing  circumstances.  Any  existing  disease  in  the 
middle  ear  or  nares  must  be  carefully  attended  to.  When  there 
is  high  fever  and  the  patient  is  fairly  robust,  a  few  leeches  may 
be  applied  behind  the  mastoid  process  on  each  side,  and  the 
bowels  should  be  freely  opened  by  a  dose  of  calomel  followed  by 
saline  purgatives.  Antipyrin,  in  doses  of  gr.  v. — xv.  hourly,  for 
four  or  six  hours,  is  recommended  to  reduce  the  temperature. 
Cold  may  also  be  applied  to  the  head  by  means  of  ice-bags.  If 
copious  exudation  have  already  taken  place,  as  shown  by  total 
deafness,  there  is  not  much  chance  of  recovery  under  any 
treatment ;  but  it  is  worth  while  to  try  the  effects  of  iodide  of 
potassium  internally,  and  of  mercurial  ointment  applied  behind 
the  ear.  In  later  stages  blisters  to  the  mastoid  process  may 
possibly  do  a  little  good.  When  there  is  a  histor}^  of  syphilis, 
a  prolonged  course  of  mercury  is  likely  to  prove  beneficial ;  and 
in  addition,  Politzer  recommends  the  daily  subcutaneous  injection 
of  two  to  six  drops  of  a  2  per  cent,  solution  of  pilocarpin.  and 
that  the  dose  should  be  gradually  increased.  If  the  remedy 
cause  nausea,  giddiness,  prostration,  and  other  unpleasant  sym- 
ptoms, it  should  be  replaced  by  two  drops  of  a  solution  of 
atropin  (gr.  one-third  per  cent.).  In  recent  sj'philitic  affections 
of  the  labyrinth,  and  also  in  some  non-syphilitic  cases,  a  remark- 
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iibly  good  result  is  sometimes  produced  b}^  these  remedies.  They 
are,  however,  useless  in  hereditary  sj^philis,  in  deafness  due  to 
-epidemic  cerebro-spinal  meningitis,  and  in  cases  complicated  by 
middle-ear  catarrh.  When  the  complaint  occurs  in  young  chil- 
dren and  deafness  ensues,  the  greatest  care  is  necessary  to 
prevent  them  from  losing  the  faculty  of  speech.  They  should  be 
trained  to  talk  as  much  as  possible,  and  forbidden  to  make  use 
of  signs  to  express  their  wants.  This  subject  will  be  again 
referred  to  in  the  chapter  on  Deaf-mutism. 
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COXCUSSIOX  OF  THE  LABYRIXTII— IXJURIES  TO  THE 
LABYEIXTII. 

Causes  of  Concussion — Symptoms  ^Diagnosis — Prognosis — Treatment — 
Injuries  to  the  Labyrinth — Modes  of  Production — Variations  in 
Pvesults  and  Appearances — Symptoms — Diagnosis,  Prognosis,  and 
Treatment. 

The  labyrinth  is  liable  to  be  affected,  in  common  with  other 
nervous  structures,  in  cases  of  concussion  of  the  brain  from  any 
cause ;  but  it  sometimes  happens  that  the  effects  of  an  injury  are 
exhibited  principally  or  almost  exclusively  by  the  structures  of  the 
internal  ear.  Thus  gunpowder-explosions  ma}'  do  little  or  no 
injury  to  the  body  in  general,  while  their  results  are  evidenced  by 
the  symptoms  of  auditory  disturbance.  When  due  to  this  cause 
the  concussion  may  act  upon  both  ears ;  but,  as  a  general  rule,  the 
effects  are  confined  to  the  ear  which  is  turned  towards  the  source 
of  the  explosion.  Similar  results  may  be  produced  b}^  blows  or 
kicks  on  the  head,  and  even  in  these  cases  the  symptoms  of 
labyrinthine  disorder  are  not  necessarily  accompanied  b}'  any 
external  injury.  Nothing  can  be  definitely  stated  as  to  the 
changes  which  take  place  in  the  implicated  nerves  or  nerve- 
centres  :  even  in  fatal  cases  there  may  be  an  absence  of  marked 
structural  changes  in  the  various  parts  of  the  internal  ear. 

The  Subjective  Symptoms  vary  both  in  kind  and  degree.  When 
the  patient  is  knocked  down  by  the  bloA^'  or  the  force  of  the 
explosion,  he  may  be  rendered  unconscious,  and  remain  in  that 
condition  for  an  indefinite  period.  In  slighter  cases,  after  the 
shock  has  passed  off,  there  may  be  pain  in  the  ear  and  giddiness, 
lasting  for  some  hours  or  even  for  some  days.     Subjective  auditor}^ 
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sensations,  such  as  noises  in  the  ears  of  various  kinds,  are  some- 
times complained  of,  and  more  or  less  impairment  of  hearing  is 
an  almost  constant  symptom.  Hearing-power  for  high  notes  is 
apt  to  be  especially  affected.  In  other  cases  there  is  abnormal 
acuteness  of  hearing  for  certain  notes,  or  the  latter  may  appear  to 
be  higher  or  lower  than  usual.  Sometimes  other  notes  are  heard, 
mingled  with  the  normal  sound.  Diminished  cutaneous  sensi- 
bility of  the  auricle  and  meatus,  even  amounting  to  complete 
miaesthesia,  is  sometimes  noticed.  These  symptoms  may  remain 
for  long  periods,  disappearing  from  time  to  time,  and  then  recur- 
ring, or  they  may  soon  altogether  cease. 

Objective  Symptoms  may  be  altogether  absent :  when  present, 
they  will  consist  of  marks  of  injury  to  the  head,  and  especially  to 
the  parts  about  the  ear. 

The  Diagnosis  will  often  present  considerable  difficulties ;  in 
many  cases,  the  patient's  own  statements  will  be  all  that  the 
surgeon  has  to  depend  upon,  and  wilful  misrepresentation  is  not 
uncommon.  Impairment  of  hearing  ma}^  be  magnified  into  com- 
plete deafness.  It  is  necessary  to  apply  all  possible  tests  for 
discovering  the  state  of  the  auditory  organs,  and  also  to  ascertain 
their  condition  previous  to  the  accident.  However,  after  ever}^ 
precaution  is  taken,  the  diagnosis  in  some  cases  will  be  one  of 
probability  only. 

The  ear  must  be  tested  with  the  watch  and  \\ith  tuning- 
forks  of  various  pitch.  A^  a  general  rule,  impairment  of  bone- 
conduction  is  an  unmistakable  symptom  of  labyrinthine  disorder; 
but  it  must  be  remembered  that  accidental  affections  of  the  bones 
may  impair  their  conducting  power,  and  a  mistake  may  thus, 
arise.  A  plug  of  ^\'ax  in  the  meatus  may  prevent  a  watch  from 
being  heard  even  when  in  contact  with  the  auricle  ;  but  when  the 
wax  is  removed  the  sound  is  distinctly  perceived.  AVhen  bone- 
conduction  is  unimpaired  there  is  every  probability  that  the 
labyrinthine  structures  are  in  a  normal  condition.  Weber's 
experiment  yields  good  results  as  a  test  in  these  cases.  When 
the  effects  are  positive — i.e.,  when  the  tuning-fork  is  best  heard  on 
the  side  on  which  the  meatus  is  closed — there  can  be  no  serious 
affection  of  the  labyrinth.  When,  however,  the  results  are 
negative — that  is  to  say,  when  the  change  is  either  not  observed, 
or  is  of  an  opposite  character — there  is  strong  evidence  of  the 
existence  of  some  lesion  of  the  internal  ear.     Rinne's  experiment 
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is  of  little  use  as  a  test  in  the  class  of  cases  now  under  considera- 
tion. In  complete  deafness  it  cannot,  of  course,  be  employed ; 
but  in  less  severe  cases  it  may  be  used  to  test  the  accuracy  of 
the  patient's  statements. 

Gruber  lays  great  stress  on  the  value,  in  all  doubtful  cases,  of 
his  method  of  testing  the  ear.  It  consists  in  holding  a  vibrating 
tuning-fork  in  front  of  the  ear,  until  the  sound  is  no  longer  heard. 
A  finger  is  then  inserted  into  the  meatus,  and  the  handle  of  the 
tuning-fork  is  placed  in  contact  with  it,  when  the  sound  is  again 
perceived.  The  change  is  due  to  the  fact  that  the  closure  of 
the  meatus  produces  a  resonant  column  of  air,  which  strengthens 
the  sound.  It  is  likewise  probable  that  altered  conditions  of 
pressure  and  tension  in  the  middle  and  internal  ear  play  a  certain 
part  in  causing  the  alteration,  and  also  that  sonorous  vibrations, 
previously  dispersed  in  the  atmosphere,  are  conveyed  through  the 
finger  to  the  bones,  and  thence  to  the  sentient  parts  of  the 
internal  ear. 

The  symptoms  of  concussion  of  the  labyrinth  resemble  those 
of  injury,  but  they  generally  come  on  suddenly  and  pass  off  after  a 
time.  When  hemorrhage  takes  place  into  the  structures  of  the 
labj'rinth,  the  impairment  of  hearing  is  developed,  either  slowly 
or  rapidly,  according  to  the  extent  of  the  lesion  and  the  quantity 
of  blood  effused  ;  other  symptoms,  as  described  by  ^leniere.  are 
prone  to  supervene. 

Prognosis. — This  depends,  first,  upon  the  degree  of  the  con- 
cussion ;  and  secondly,  upon  the  absence  or  the  co-existence  of 
injury  to  the  ear  and  adjacent  parts.  If  total  deafness  has  resulted 
from  the  shock  the  prognosis  is  unfavourable,  though  recoveiy  is 
not  impossible.  In  some  cases  many  months  elapse  before 
any  improvement  is  noticed,  and  in  others  an  opposite  course  is 
witnessed.  Politzer*  records  an  interesting  case  in  which  the 
hearing  (which  had  been  totally  lost  for  many  months  as  the 
result  of  concussion)  was  suddenly  restored.  The  patient,  a  man 
aged  twenty-one,  had  received  a  severe  blow  on  the  head  when 
passing  under  a  doorway.  AVhen  he  recovered  from  the  shock 
he  complained  of  headache,  noises  in  the  ears,  and  deafness,  which 
latter  became  complete  in  the  course  of  a  month.  Xo  change 
took  place  during  the  ensuing  ten  months,  and  he  then  came 
under  treatment.  Improvement  was  regarded  as  impossible ; 
*  Lchrhuch  der  Ohre~nhellliuide,  S.  b'l^. 
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but  the  experiment  was  made  of  injecting  a  warm  solution 
of  iodide  of  potassium  (2^  per  cent.)  into  the  meatus.  On  the 
third  day  the  patient  could  understand  a  few  words  spoken  into 
his  right  ear ;  and  a  gradual  though  slight  improvement  took 
place  during  the  next  three  weeks,  when  headache  became 
troublesome.  One  night,  shortly  afterwards,  the  patient  was 
roused  from  sleep  with  a  sensation  of  giddiness,  and  he  then 
found  that  he  could  hear  the  ticks  of  his  watch.  When 
examined  by  Politzei'  on  the  following  day,  his  hearing,  tested 
by  the  watch  and  by  conversation,  was  found  to  be  normal. 
Whether  the  svmptoms  were  due  to  concussion  of  the  labyrinth 
or  of  the  nerve-centres  must  be  regarded  as  doubtful ;  but  the 
latter  hypothesis  would  seem  the  more  likely. 

The  above-mentioned  case  must  be  regarded  as  very  ex- 
ceptional, and,  as  a  general  rule,  the  longer  the  symptoms  last 
the  worse  the  prognosis.  The  prospect  is,  moreover,  unfavourable 
whenever  subjective  sensations  and  giddiness  are  prominent  sym- 
ptoms, and  especiall}'  when  they  are  accompanied  by  abnormal 
acuteness  of  hearing.  It  is  impossible  to  forecast  the  duration 
of  the  symptoms,  for  even  in  cases  of  slight  concussion  they 
may  remain  unaltered  for  man}'  months. 

Treatment. — Rest,  bodih'  and  mental,  is  the  most  important 
assent  in  the  treatment  of  concussion  of  the  internal  ear.  In 
strong  full-blooded  subjects,  with  signs  of  cerebral  congestion, 
leeches  may  be  applied  to  the  mastoid  process,  or  a  blister  to  the 
nape  of  the  neck.  The  bowels  should  be  kept  freely  open,  and 
the  diet  should  be  of  a  suitable  character.  When  the  symptoms 
have  become  chronic,  tincture  of  iodine  maj'  be  painted  over  the 
mastoid  process,  or  blisters  may  be  applied.  A  warm  solution  of 
iodide  of  potassium  dropped  into  the  meatus,  as  used  by  Politzer, 
is  worth}'  of  trial.  Wlien  noises  in  the  ears  are  very  troublesome 
a  course  of  the  bromides  is  likelv  to  prove  beneficial. 

INJURIES  TO  THE  LAliYRINTII. 

Owing  to  its  protected  and  deep-seated  position  the  labyrinth 
alone  is  seldom,  if  ever,  the  seat  of  injur}^ ;  but  it  may,  of  course, 
be  implicated  in  wounds  of  adjacent  parts.  Thus  the  internal 
ear  may  be  affected  in  fractures  of  the  temporal  bone,  the  result 
of  blows  or  falls;  it   may  also   be  wounded  by  foreign  bodies, 
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instruments,  etc.,  introduced  into  the  external  meatus.  Severe 
concussions  ma}'  likewise  cause  rupture  of  the  membranous 
structures,  or  even  fracture  of  the  osseous  walls  of  the  labyrinth. 

The  structures  of  the  internal  ear  are  liable  to  be  involved  in 
ulcerative  processes,  affecting  its  osseous  walls,  the  fenestras,  or 
the  semi-circular  canals.  Suppuration  sometimes  extends  from 
other  parts  along  the  connective  tissue  and  vessels  of  the  laby- 
rinth ;  and  purulent  inflammation  of  the  middle  ear  has  been 
known   to  extend  to  the   same  part   through  the  fenestrae. 

Gruber  relates  the  case  of  a  man  who  had  been  working  for 
several  hours  in  a  caisson,  and  on  coming  into  the  open  air 
became  giddy  and  vomited.  These  symptoms  soon  passed  off, 
but  the  man  was  noticed  to  be  deaf  on  both  sides.  On  examining 
the  ears  there  was  found  to  be  rupture  of  both  tympanic  mem- 
branes, and  the  symptoms  pointed  to  injury  and  extravasation  of 
blood  into  the  internal  ear  on  both  sides.  The  membranes  cica- 
trised, but  the  deafness  still  remained  two  years  after  the  accident. 
It  is  worthy  of  note  that  in  cases  of  injury  from  falls  or  blows 
the  membrana  tympani  may  be  unaffected,  even  though  the 
petrous  portion  of  the  temporal  bone  be  seriously  fractured. 
The  escape  of  cerebro-spinal  fluid  from  the  meatus  is  generally 
regarded  as  a  symptom  of  fracture  of  the  base  of  the  skull :  but 
this  symptom  is  not  always  present,  for  the  membrane,  as  just 
mentioned,  may  be  intact  and  prevent  the  flow.  On  the  other 
hand,  in  some  cases  the  extravasated  blood  rapidly  coagulates 
between  the  surfaces  of  the  fracture :  in  others,  the  portions  of 
bone  remain  in  close  apposition,  and,  under  such  circumstances, 
the  fluid  will  be  prevented  from  escaping  into  the  meatus,  even 
if  there   be  a  large  rent  in  the  membrane  (see  page  563  et  ssq.). 

AVhen  blood  is  extravasated  among  the  tissues  of  the  internal 
ear,  and  the  patient  survives,  it  undergoes  the  same  changes  as  in 
other  pans  of  the  body.  The  fluid  portion  is  absorbed,  and  in 
the  course  of  time  deposits  of  pigment  are  all  that  remain.  Tlie 
extravasated  matters  may.  however,  be  the  cause  of  inflammation, 
with  more  or  less  destruction,  of  the  internal  ear. 

Extravasation  of  blood  into  the  labyrinth  may  occur  in  the 
absence  of  any  external  injury  to  the  part.  The  labyrinth  may 
be  affected  in  cases  of  meningitis,  and  especially  in  ha?morrhagic 
pach^mieningitis.  In  cases  of  this  latter  character  Moos  found 
heemorrhagic  infiltrations  in  various  parts  of  the  labyrinth,  viz., 
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in  tlie  utricle,  in  Kot^entliaFs  canal,  and  between  the  layers  of  the 
larni/ia  lipiralis  ossea  and  the  zona  dentata.  The  infiltrations 
varied  in  size  ;  and  some  followed  the  course  of  the  veins,  and 
others  that  of  the  nerve-tibres.  In  the  case  of  a  boy.  aged  four, 
who  became  totally  deaf  in  the  course  of  tuberculous  basilar 
meningitis,  Lucae  found  evidences  of  hfemorrhagic  inflammation 
in  the  semi-circular  canals  and  vestibule  on  both  sides. 

Symptoms. — The  symptoms  of  injuries  of  the  lal)yrinth  are 
for  the  most  part  the  same  as  those  of  concussion.  The  loss  of 
hearing  may,  however,  come  on  later,  'as  it  results  from  haemor- 
rhage, rather  than  from  shock.  High  notes  especially  fail  to  be 
heard,  and  sometimes  a  series  of  notes  are  inaudible.  Some  of 
the  symptoms  known  as  Meniere's  are  also  likely  to  occur  :  these 
^vill  be  described  in  a  succeeding  chapter.  Any  objective  sym- 
ptoms that  may  be  present  will  depend  upon  the  nature  of  the 
injury,  and  if  no  external  parts  be  involved  such  symptoms  may 
be  alto2"ether  wanting. 

The  Diagnosis  of  injuries  of  the  labyrinth  is  made  by  consider- 
ing the  sj'mptoms  and  the  nature  of  the  injury.  If  there  be 
pronounced  deafness  on  the  afiected  side,  and  the  tuning-fork, 
applied  to  the  skull,  be  not  heard,  it  may  be  regarded  as  certain 
that  the  lal)vrinth  is  involved.  Sometimes  the  dia^-nosis  can  be 
made  only  i>er  r'uini  exdusionis. 

The  Prognosis  likewise  depends  upon  the  s^miptoms,  the 
nature  of  the  injury,  and  the  existence  of  complications.  In 
total  deafness,  due  to  injury  of  the  labyrinth,  the  chance  of 
restoration  is  very  slight  indeed. 

The  Treatment  is  much  the  same  as  that  reconnnended  for 
concussion  of  the  internal  ear,  complete  rest  being  the  all- 
important  detail.  Such  local  measures  as  syringing  the  meatus 
and  the  use  of  the  air-douche  are  to  be  avoided  ;  they  are  almost 
certain  to  aggravate  the  symptoms.  If  there  be  much  local  pain 
a  few  leeches  should  be  applied  to  the  mastoid  process  ;  while 
troublesome  subjective  symptoms  may  be  relieved  by  the  bro- 
mides. When  all  active  symptoms  have  subsided,  and  the 
■deafness  alone  remains,  the  iodide  of  potassium  may  be  given 
A\ith  the  view  of  promoting  absorption,  and  for  the  same  purpose 
counter-irritation  may  be  applied  behind  the  ear. 
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CARIES  A^'D  XECKOSIS  OF  THE  LABYPJ^'TH. 

Caries  of  the  Labyrinth  as  a  Result  of  Extension — Necrosis  of  the  Laby- 
rinth— Causes — Symptoms,  as  Otorrhoea,  Pain,  Polypous  Growths, 
Disorders  of  Equilibrium,  Subjective  Sensations,  Loss  of  Hearing- 
Power,  and  Facial  Paralysis— Forms  of  Sequestra — Prognosis — 
Treatment. 

Caries  of  the  Labyrinth  is  always  associated  \\-ith  a 
similar  affection  of  the  adjacent  parts  of  the  internal  ear  ;  no 
case  in  which  the  labyrinth  alone  was  thus  diseased  has  yet 
been  recorded.  Minute  apertures  are  sometimes  found  in  the 
osseous  semi-circular  canals,  but  these,  in  the  absence  of  s}m- 
ptoms  of  inflammation,  are  to  be  regarded  as  dehiscences,  and 
not  as  the  result  of  caries. 

Necrosis  of  the  Labyrinth,  as  an  independent  affection. 
is  not  very  rare.  It  generally  results  from  purulent  inflammation 
of  the  middle  ear,  the  process  extending  from  the  tympanum  and 
mastoid  cells  to  the  air-spaces  in  the  osseous  walls  of  the  lab}'- 
rinth.  The  inflammatory  process  in  the  middle  and  internal  ear 
is  not  only  prejudicial  to  the  organ  itself  and  the  adjacent  struc- 
tures (particularly  to  the  facial  nerve  in  the  temporal  bone),  but 
the  attendant  suppuration,  which  may  continue  for  weeks  or 
months,  is  a  source  of  considerable  danger.  Toynbee  drew  atten- 
tion to  the  relatively  somewhat  common  occurrence  of  partial  or 
total  necrosis  of  the  labyrinth,  and  Bezold,*  of  Munich,  has 
collected  some  forty-five  instances  of  exfoliation  of  this  part  in 
the  living  subject. 

*  Arcldvcs  of  Otology,  vol.  xvi.  p.  297.     See  also  Eeport  of  Case  of  Necrosis 
of  the  Cochlea,  by  Dr.  Hartmann,  in  the  same  vol.  p.  252. 
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Causes. — In  nearly  halt"  the  nunil)er  of  cases  referred  to,  tlie 
patients  were  under  fifteen  years  of  age  when  tlie  sequestrum 
was  removed  from  the  ear  ;  the  age  at  which  the  inflammatory 
process  commenced  could  seldom  be  ascertained.  The  first  decade 
of  life  furnishes  the  largest  proportion  of  patients.  This  pro- 
clivit}'  is,  no  doubt,  due  to  the  frequent  occurrence  of  catarrhal 
and  suppurative  processes  of  the  middle  ear  at  that  period  of  life, 
and  particularly  of  the  more  severe  forms  resulting  from  the  acute 
exanthemata.  In  children,  also,  the  labyrinth  is  proportionately 
much  larger  than  in  the  adult ;  for  at  birth  this  part  has  already 
attained  nearly  its  normal  development.  In  many  of  the  cases 
the  commencement  of  suppuration  dated  from  an  attack  of 
scarlatina :  while  measles  was  the  cause  in  a  smaller  number. 
The  acute  suppuration  in  the  middle  ear  does  not  necessarily 
attack  the  labyrinth  at  the  same  time  :  it  usually  extends  to  it 
after  an  uncertain  interval.  In  thirty-eight  cases  only  two  lasted 
less  than  a  year  before  exfoliation  of  the  secpiestrum  ;  the  rest  of 
the  patients  had  a  discharge  for  periods  varying  from  one  to  forty 
years  before  separation  took  place.  The  necrosis  of  the  internal 
ear  is  frequently  accompanied  by  destructive  disease  of  the- 
mastoid  portion,  resulting  in  fistulous  openings  in  its  external 
wall.  There  is  no  reason  for  supposing  that  any  peculiar  diathesis 
is  a  predisposing  cause  of  necrosis  of  the  labyrinth. 

Symptoms. — Otorrhoea  is,  of  course,  present,  the  discharge 
varying  in  quantity,  but  being  profuse  and  continuous  while  the 
necrosis  is  advancing,  and  until  the  secpiestrum  has  separated. 
The  other  symptoms  are  (1)  more  or  less  pain,  (2)  the  formation 
of  polypous  growths.  (3)  disturbances  of  equilibrium,  (4)  sub- 
jective sensations,  (5)  loss  of  hearing-power,  and  ((3)  facial 
paralysis. 

The  I'dAii  involves  the  side  of  the  head,  and  sometimes  extends 
to  the  other  side ;  mastoid  tenderness  is  occasionally  present. 
The  pain  is  due  at  first  to  the  inflammatory  process  ;  and  in  later 
stages  to  the  separation  and  passage  of  the  sequestrum.  AVhen 
this  latter  process  is  taking  place,  the  pain  is  apt  to  be  continuous 
and  violent  ;  and  the  patient  wears  a  characteristicall}-  anxious 
expression.  The  loss  of  sleep  induces  much  disturbance  of  nutri- 
tion, and  the  patient  becomes  pale  and  thin  :  but  these  symptoms 
rapidly  subside  after  the  sequestrum  has  come  away.  Rigors  and 
febrile  attacks  are  not  uncommon  during  the  course  of  the  pro- 
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cess.  Poh/pous  (/roicths  are  invariably  present ;  they  are  most 
abundant  in  the  tympanum,  on  the  edges  of  the  meml^rana 
tympani,  and  in  the  external  meatus ;  in  some  cases  they  are 
found  in  the  Eustachian  tube.  They  may  completely  fill  the 
auditory  canal,  and  they  continue  to  sprout  so  long  as  the  seques- 
trum lies  imbedded  behind  them.  After  the  latter  has  separated 
most  of  them  spontaneously  disappear. 

Disturhances  of  equilihrmm  ^^'ere  noticed  in  a  few  cases,  but 
mostly  in  the  early  stages,  and  not  continuing  throughout  the 
progress  of  the  disorder.  In  twenty-three  of  the  cases  alluded 
to,  no  such  symptom  was  experienced,  and  it  is  certain  that 
vertigo  is  not  regularljr  present  as  an  initial  symptom  of  necrosis 
of  the  labyrinth.  Its  existence  indicates  the  extension  of  the 
suppurative  process  from  the  middle  to  the  internal  ear.  More- 
over, when  present,  it  may  be  owing  to  cerebral  and  meningeal 
complications.  After  exfoliation  of  the  sequestrum,  any  dis- 
turbance of  equilibrium  must  be  due  to  continued  irritation  of 
the  centre. 

It  is  somewhat  curious  that  suhjedive  sounds  are  seldom  com- 
plained of  in  cases  of  necrosis  of  the  labyrinth  ;  they  were  present 
in  only  three  cases.  Their  frequent  absence  seems  to  prove  that 
the  part  in  which  they  originate  is  more  easily  destroyed  than  the 
terminal  distribution  of  the  vestibular  branches  in  the  ampulloe, 
whose  irritation  would  seem  to  cause  the  vertigo  and  disturbance 
of  equilibrium. 

The  loss  of  liearincj-power  varied  considerably  in  different  cases: 
in  twenty-three,  complete  deafness  was  observed.  In  four,  there 
seemed  to  be  more  or  less  capacity  for  hearing  after  exfoliation  of 
the  cochlea  itself;  but  these  results  are  in  contradiction  to  a 
proportionately  large  number  of  other  cases.  Hearing  is  com- 
pletely lost  when  the  labyrinth  is  destroyed.  Bezold  points  out 
that  one  of  the  principal  sources  of  error  in  our  tests  of  hearing- 
is  the  difficulty  and  partial  impossibilit}^  of  completely  excluding 
the  other  ear  from  receiving  anj^  sonorous  impressions.  It  is  very 
difficult  to  occlude  the  meatus  thoroughly,  and  the  least  chink  is 
sufficient  to  allow  the  passage  of  the  waves  of  sound.  The  tuning- 
fork  is  the  most  efficient  means  of  testing  the  hearing  in  these 
cases.  When  a  very  weak  sound  is  given  off,  the  other  ear  may 
be  left  out  of  consideration  ;  with  deeper  tuning-forks  it  is  hardly 
necessary  to  close  it. 
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The  facial  nerve  is  intimately  connected  witli  the  labyrinth, 
and  is  generally  involved  when  the  latter  is  the  seat  of  inflam- 
matory processes.  Paresis  or  paralysis  of  this  nerve  is  a  con- 
stant result  of  exfoliation  of  the  cochlea;  the  loss  of  function 
may  be  due  to  pressure  and  may  be  only  temporar}' ;  but  the 
nerve  ma}"  be  partially  or  entirely  destroyed,  and  in  that  case 
the  paralysis  is  likely  to  be  permanent.  In  thirty-five  of  the 
cases  above  alluded  to  the  facial  nerve  was  partially  affected  in 
six  instances  ;  in  three  of  these  the  necrosis  was  limited  to  the 
cochlea ;  in  one,  to  the  cochlea  and  a  small  part  of  the  vestibule ; 
in  a  fifth,  to  the  semi-circular  canals  ;  and  in  the  sixth,  there  Avas 
extensive  caries  of  the  labyrinth  with  exfoliation  of  the  lamina 
spiralis.  In  twenty-eight  of  the  cases  there  was  decided  paralysis 
of  the  nerve.  This  frequent  participation  of  the  facial,  which  is 
one  of  the  most  common  symptoms  of  necrosis  of  the  labyrinth, 
is  due  to  the  intimate  connection  between  the  latter  part  and  the 
aquaeductus  Fallopii.  The  course  of  the  facial  nerve  may  be 
divided  into  four  parts,  and  the  implication  of  each  of  these  in 
exfoliation  of  the  labyrinth  leads  to  entirely  different  sequelae. 
In  the  first  part  of  its  course,  within  the  internal  meatus,  it  is 
liable  to  be  affected  h\  cases  of  exfoliation  of  the  entire  labyrinth, 
^nd  the  result  is  permanent  loss  of  function,  either  partial  or 
complete,  of  the  facial,  as  well  as  of  the  auditory  nerve.  In  the 
second  part  of  its  course,  which  extends  from  the  beginning  of  the 
aqueduct  to  the  geniculate  ganglion,  the  nerve  is  not  so  liable  to  be 
involved  ;  but  in  the  third  section  it  is  in  more  danger,  especially 
if  the  osseous  vestibular  walls  be  necrosed.  In  the  fourth  part  of 
its  course  the  nerve  is  seldom  exposed  to  primary  destruction  by 
necrosis  of  the  labyrinth  ;  but  it  may  be  affected  secondarily, 
especially  when  the  sequestrum  escapes  into  the  mastoid  antrum. 
In  some  cases  paralysis  of  the  nerve  is  due  to  pressure  of  the 
granulations  surrounding  the  sec[uestrum. 

Paralysis  of  the  facial  nerve,  of  a  temporary  character,  some- 
times complicates  middle-ear  suppuration ;  it  is  said  to  occur  in 
about  1  per  cent,  of  such  cases.  It  is  seldom,  if  ever,  noticed 
in  simple  non-purulent,  acute  middle-ear  catarrh.  Bezold  lays  it 
down  as  a  rule  that  in  ever}'  case  of  facial  paralysis  accompanying 
long-continued  suppuration  of  the  middle  ear,  we  are  justified  in 
excluding  superficial  disease,  and  in  assuming  the  existence  of 
extensive    destruction    of   the   bone,    in    most    instances    of   the 
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lalnrintli.  It  must  not  be  forgotten  that  the  facial,  like  other 
nerves,  possesses  considerable  regenerative  capacity.  In  six  of 
the  cases  alluded  to  there  was  no  doubt  as  to  the  partial  or  total 
restoration  of  the  function  of  the  facial,  in  spite  of  its  division. 
In  one  such  case,  the  sequestrum  consisted  of  the  whole  of  the 
lab^^rinth;  and,  judging  from  the  results  of  several  others,  we 
ma}'  anticipate,  under  very  favourable  circumstances,  complete 
restoration,  not  only  in  simple  division,  but  also  where  there  has 
been  a  considerable  loss  of  substance  of  the  facial  nerve. 

As  might  be  expected,  the  chorda  ti/mjjani  is  much  more  often 
injured  than  the  facial  nerve  in  cases  of  necrosis  of  the  labyrinth, 
and  it  is  equally  capable  of  regeneration.  The  large  superficial 
petrosal  nerve  is  very  rarely  implicated. 

The  sequestra  var}-  much  in  size  and  character.  Thus,  there 
may  be  (1)  necrosis  of  the  entire  labyrinth,  and  of  the  wall  of 
the  internal  meatus ;  (2)  necrosis  and  exfoliation  of  the  cochlea, 
with  other  portions  of  the  petrous  bone ;  (3)  the  cochlea  alone  or 
only  a  portion  of  it  ;  (4)  a  semi-circular  canal ;  (5)  the  pars 
petrosa,  with  the  external  canal  and  a  portion  of  the  mastoid 
process,  etc. 

Prognosis. — Death  occurred  in  19 '6  per  cent,  of  Bez old's  cases, 
and  in  the  majority  from  implication  of  the  neighbouring  menin- 
geal and  cerebral  regions,  extension  of  the  suppurative  process 
taking  place  from  the  posterior  surface  of  the  bone  corresponding 
to  the  position  of  the  internal  meatus.  The  cerebellum  was  most 
frequently  involved.  In  the  thirty-seven  cases,  the  terminations 
were  as  follows :  in  twenty-nine  the  sequestrum  was  removed 
through  the  auditory  canal  ;  in  seven,  through  the  mastoid  pro- 
cess, previous  artificial  widening  of  the  openings  being  necessary 
in  some  of  the  cases.  In  one  instance  the  sequestrum  passed 
through  the  Eustachian  tube.  Cessation  of  the  discharge  in  a 
fe^^'  weeks  or  months  took  place  in  eighteen  of  the  cured  cases. 
Notwithstanding  the  dangerous  proximity'  of  the  suppuration  to 
important  parts,  the  long  duration  of  the  process,  with  its  dangers 
to  the  constitution,  and  the  obstacles  to  the  elimination  of  the 
sequestrum,  the  prognosis  would  appear  to  be  remarkably  good, 
so  far  as  recovery-  is  concerned.  Moreover,  even  where  there  has 
been  extensive  loss  of  substance  of  the  facial  nerve,  there  is  a 
probability  of  complete  restoration  of  the  function. 

Treatment. — The  most  important  result  to  be  attained  is  the 
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removal  of  the  luxuriant  growths  which  obstruct  the  passage  of 
the  sequestrum  through  the  tympanum  and  external  meatus. 
These  granulations  must  be  removed  by  a  curette  or  "Wilde's 
snare,  or  destroyed  with  a  concentrated  solution  of  chromic  acid, 
according  to  their  size  and  position.  When  the  sequestrum  has 
come  away,  the  application  of  alcohol  or  boric  acid  will  serve  to 
<'heck  secretion  and  to  reduce  the  size  of  any  remaining  granula- 
tions. When  the  mastoid  process  is  implicated,  it  is  desirable  to 
make  an  opening  as  soon  as  possible,  so  that  secretion,  etc..  may 
escape.  Any  existing  fistulous  openings  should  be  enlarged  :  and. 
if  a  sequestrum  be  found,  it  should  then  be  removed.  With  large 
sequestra,  it  may  be  necessary  to  cut  away  the  posterior  wall  of 
the  external  meatus.  In  the  after-treatment,  the  wound  shoidd 
be  frequently  washed  out  with  a  solution  of  carbolic  acid  (1  per 
cent.),  and  subsequently  covered  with  an  iodoform  or  other  anti- 
septic gauze.  The  introduction  of  a  drainage-tube  will  facilitate 
the  escape  of  the  discharge. 
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NEW  FORMATIONS  IX  THE  LABYRIXTII  AND  COXNECTED 

WITH  THE  AUDITORY  XERVE— SYPHILIS  OF 

THE  LABYRIXTH. 

Primary  and  Secondary  Growths — Epithelioma — Sarcoma  and  GHoma — 
Cases  of  Fibro-Sarcoma — Cavernous  Angioma — Syphihtic  Disease 
of  the  Internal  Ear — Morbid  Appearances— Symptoms — Diagnosis — 
Prognosis — Treatment. 

The  labyrinth  is  ver}^  rarely  the  seat  of  new  formations  of  a 
primary  character ;  it  is  sometimes  invaded  by  morbid  gTO^^•ths 
originating  in  neighbouring  parts.  Tumours  are  occasionally 
found  connected  with  the  trunk  of  the  auditory  nerve ;  Yirchow 
states  that  of  all  the  cerebral  nerves  the  auditory  is  the  most 
liable  to  be  thus  affected. 

In  the  labyrinth  new  formations  of  connective  tissue,  in  the 
form  of  minute  threads  and  membrane,  have  been  found  by 
Gruber*  and  Voltolini.f  Moos  and  others  have  met  with  bony 
growths  in  the  vestibule  and  scala  of  the  cochlea.  Calcareous 
deposits  have  likewise  been  found  in  the  periosteum  of  the 
internal  meatus.  These  are  composed  of  phosphate  of  lime,  and 
are  said  to  be  not  uncommon  after  middle  life.  Gruber  describes 
a  case  in  which  he  found  chalk}*  deposits  in  the  cochlea  and 
semi-circular  canals. 

Xew  formations  originating  in  other  parts  and  involving  the 
labyrinth  are  always  of  a  malignant  character,  and  belong  either 
to  the  epitheliomatous  or  sarcomatous  class.     A  case  of  secondary 

*  Lelirbncli  der  Olirenlie'ilkundc,  S.  620. 
I  Vlrchorv's  Archiv,  Bd.  xvii\ 
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epithelioma  of  the  cochlea  has  been  described  by  Politzer.* 
When  first  seen  the  patient,  a  man  aged  forty-seven,  had  an 
nlcerating  growth  the  size  of  a  nnt  behind  the  right  ear.  and 
cancerous  masses  projecting  from  the  meatus.  The  growth 
behind  the  ear  rapidly  increased,  the  ulceration  spread,  and  in 
the  coui*se  of  a  few  weeks  the  patient  died  with  symptoms  of 
cerebral  compression.  On  post-mortem  examination  the  apex  of 
the  cochlea  was  found  to  have  been  destroyed  by  the  cancerous 
growth,  the  lamina  spiralis  in  the  second  and  third  coils  was 
broken  through  in  places,  and  masses  of  cancer  cells  occupied 
the  scala  tympani  and  scala  vestibuli.  The  elements  of  Corti's 
organ  were  infiltrated  with  many  cancer  cells. 

In  another  and  more  numerous  class  of  cases  the  o-rowth 
commences  in  the  cranial  cavity,  and  extends  thence  to  the 
auditory  nerve  or  labyrinth.  Formations  of  this  kind  are  usually 
of  a  sarcomatous  or  fibro-sarcomatous  character :  a  case  of 
cavernous  angioma  of  the  petrous  bone,  implicating  the  auditory 
nerve,  has  been  described  by  Politzer;  and  one  of  glioma,  by 
Briickner.f 

Mr.  Field  J  has  recorded  a  case  of  sarcoma  involving  the 
auditory  nerve  on  the  right  side.  The  tumour  sprang  from  the 
internal  auditoiy  meatus,  originating  apparently  from  the  dura 
mater  linino-  the  canal,  and  ensheathino-  the  auditory  nerve.  The 
growth  was  as  large  as  a  ^laltese  orange,  and  was  attached  to 
the  bone  just  above  the  internal  meatus;  its  surface  was  fissured 
and  corrugated,  and  its  structure  on  section  not  unlike  cerebral 
tissue.  Microscopical  examination  proved  it  to  be  a  round-celled 
sarcoma,  abounding  in  vessels  :  it  appeared  to  have  grown  with 
a  moderate  degree  of  rapidity.  The  symptoms  during  life  were 
pain  in  the  head,  vomiting,  deafness  on  both  sides,  marked 
paralysis  of  right  side  of  face,  and  impairment  of  power  in  right 
limbs.  There  was  also  double  optic  neuritis  with  consecutive 
atrophy.  All  the  symptoms  pointed  to  a  cerebral  tumour  as  their 
probable  cause. 

In  another  case,  reported  by  Burckhardt-^Ierian.  a  fibro- 
sarcoma of  the  dura  mater  involved  the  labyrinth.  It  oric{inated 
close  to  the  jugular  fossa,  where  it  divided  into  two  branches,  one 

*  Lehrhuch  der  Ohrcnheilkundc,  S.  o09. 
t  Berlin.  Klin.   Woch.,  1867,  Nr.  29. 
X  Diseases  of  the  Ear,  p.  271. 
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entering  the  vestibule  as  a  round  cord  tlirougli  the  enlarged 
aqu^dnctus  cochlese.  the  other  passed  under  the  floor  of  the 
internal  meatus,  partly  encircling  the  necrosed  cochlea,  to  the 
tunica  advent itia  of  the  carotid  artery- . 

Dr.  Moos  has  recorded  a  case  in  which  a  round  spindle-celled 
sarcoma  Avas  found  on  the  outer  side  of  the  left  internal  meatus  ; 
the  auditory  nerve  entered  the  tumour  and  could  be  followed 
for  only  a  very  short  distance.  The  symptoms  were  headache, 
vertigo,  deafness,  anaesthesia  of  the  left  side  of  the  face,  and 
ptosis.  A  case  of  sarcoma  of  the  cerebellum,  involving  the 
auditory  nerve,  is  described  in  detail  by  Dr.  Stevens.*  The 
tumour  occupied  half  of  the  right  side  of  the  cerebellum,  and 
a  portion  projected  into  the  internal  meatus.  The  connection 
between  the  peripheral  and  central  fibres  of  the  nerve  was  lost  in 
the  tumour.  The  symptoms  had  been  total  deafness  on  the  left 
side,  dulness  of  hearing  on  the  right,  imbecility,  unsteady  gait, 
•drawling  speech,  and  pain  in  the  left  side  of  the  forehead  and 
occiput,  with  a  comatose  condition  lasting  for  a  month  before 
•death. 

A  remarkable  case  of  tumour  of  both  auditory  nerves  is 
Tecorded  by  Dr.  C.  H.  Burnett.  The  patient,  a  woman  forty-two 
years  of  age,  had  suff'ered  from  deafness,  tinnitus  aurium, 
unsteadiness  in  gait,  pain  in  the  limbs,  impairment  of  sensation 
in  the  legs,  vertigo,  and  nausea.  Some  weeks  before  death 
there  was  loss  of  power  over  the  legs,  and  inability  to  rise  from 
bed;  both  optic  discs  became  indistinct  in  outline.  After  death 
a  large  tumour  was  found  pressing  on  the  left  half  of  the  pons, 
crus  cerebri,  and  left  hemisphere  of  the  cerebellum.  ''  The 
seventh  nerve  wound  inward,  for\\'ard,  and  then  downward  round 
the  tumour,  to  which  it  was  tightly  adherent,  and  by  which  it 
was  flattened  into  a  ribbon-like  band,  appearing  transparent. 
The  tumour  extended  with  the  left  nerve  into  the  left  internal 
auditory  meatus,  and  after  removing  the  brain  a  second  tumour 
was  found  on  the  posterior  surface  of  the  right  petrous  bone. 
This  had,  as  on  the  other  side,  considerably  enlarged  the  internal 
•auditory  meatus.  On  a  minute  examination  of  the  internal  ear 
no  trace  could  be  found  on  either  side  of  Corti's  organ." 

In  the  case  of  glioma,  described  by  Bruckner,  the  tumour  had 
completely  obliterated  the  auditor}^  nerve  on  the  left  side.  The 
*  Zeitsdmftfiir  OlirenheUknncle,  vol.  viii. 
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s^'iuptoms  noticed  during  life  were  uncertainty  in  the  movements 
of  the  upper  and  lower  limbs,  deafness  on  the  left  side,  giddiness, 
and  catarrh  of  the  middle  ear.  A  whirring  sound  was  sometimes 
audible  on  applying  the  ear  to  the  patient's  left  temple. 

Politzer's  case  of  cavernous  angioma  of  the  temporal  bone 
would  appear  to  be  imique.  The  patient,  a  girl  aged  twelve,  had 
suffered  for  a  year  and  a-half  from  otorrhoea  and  periodical 
haemorrhages  from  the  right  ear :  facial  paralysis  had  existed 
for  several  weeks.  On  admission  a  bluish-red  polypoid  growth, 
bleeding  profusely  on  the  slightest  touch,  was  found  to  occupy 
the  inner  half  of  the  meatus ;  there  was  deafness  on  the  affected 
side  and  increased  perception  of  sound  through  the  bones. 
Removal  of  the  polypus  with  a  snare  was  followed  by  very  profuse 
bleeding,  and  the  growth  rapidh^  recurred  in  spite  of  repeated 
operations.  The  facial  paralysis  and  some  roughness  of  the  bone 
on  the  posterior  wall  of  the  meatus  indicated  the  presence  of  a 
carious  process  in  the  bone,  complicated  by  the  polypi.  Two 
months  afterwards  death  occurred  with  S3^mptoms  of  suffocation. 
On  post-mortem  examination  openings,  partly  filled  up  by  small, 
ragged  growths,  were  found  in  the  membrana  t^'mpani  and 
posterior  wall  of  the  meatus.  At  the  base  of  the  skull  there 
was  an  irregular,  tuberculated,  ovoid  tumour,  as  large  as  an 
orange,  projecting  forwards  into  the  right  middle  cranial  fossa, 
and  back^\•ards  into  the  posterior  fossa.  The  growth  was  parth' 
osseous  and  partly  spongy  in  texture.  Its  base  was  formed  by  the 
superior  and  posterior  pyramidal  surfaces  and  the  inner  surface  of 
the  mastoid  portion.  Oji  a  section  through  the  petrous  bone,  the 
osseous  mass  of  the  pyramid  was  seen  to  be  traversed  by  numerous 
small  and  large  cavities,  with  round  excrescences  growing  from 
their  walls.  From  the  upper  section  of  the  p^^ramid  gre\^'  a 
radiating  osseous  framework,  composed  of  lamellae  and  large 
cavernous  compartments.  The  polypus  was  also  found  to  be  a 
cavernous  angioma,  connected  with  the  growth  in  the  petrous 
bone,  and  containing  osseous  trabeculte.  The  starting-point  of 
the  tumour  was  the  lateral  sinus,  which  communicated  with  the 
cavities  of  the  angioma. 

SYPHILITIC  AFFECTIONS  OF  THE  INTERNAL  EAR. 

As  a  result  of  sj^philis,  the  internal  ear  is  less  frequently 
affected  than  the  tympanum;    but  the  lesions  which  sometimes 
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occur  in  it  are  apt  to  cause  very  grave  impairment  of  hearing- 
power.  There  is  abundant  reason  for  believing  that  a  form  of 
(leafness,  generally  complete,  is  sometimes  connected  with  the 
acquired  disease,  but  far  more  frequenth^  with  the  inherited  form. 
In  both  cases  the  s^-mptoms  probably  depend  upon  similar 
<.'hanges,  either  in  the  internal  ear  or  in  the  nervous  apparatus. 

The  period  at  ^^'hich  the  symptoms  occur  varies  in  different 
cases :  sometimes  they  show  themselves  simultaneously  with  the 
eruption  on  the  skin  or  in  the  throat ;  in  other  cases,  they  appear 
many  j^ears  after  the  primary  infection,  and  when  other  traces  of 
the  disease  have  apparent]}"  subsided.  Sometimes  they  are  super- 
added to  an  old-standing  affection  of  the  middle  ear.  of  non- 
specific origin. 

But  little  is  known  as  to  the  nature  of  the  chano-es  which  take 
place  in  the  affected  structures ;  but  from  the  rapidity  with  which 
the  sj^mptoms  are  sometimes  developed,  it  may  be  supposed  that 
exudation  of  plastic  material  takes  place  in  the  labyrinth.  In 
chronic  cases,  post-mortem  examination  has  discovered  thickening 
of  the  periosteum  of  the  vestibule,  immobility  of  the  stapes,  round- 
cell  infiltration  between  the  membranous  and  osseous  labyrinth, 
among  Corti's  rods  and  cells,  and  in  the  ampullae  and  semi-circular 
canals.  In  a  case  recorded  by  Moos  and  Steinbrligge,'*  of 
deafness  resulting  from  tertiarj^  syphilis,  there  was  enlargement 
of  the  cells  in  the  temporal  bone,  and  in  the  capsule  of  the 
labyrinth,  with  hgemorrhage  and  development  of  connective  tissue, 
infiltrated  with  small  cells.  Blood  was  effused  between  the  fibres 
of  the  auditory  nerve  and  in  the  cochlea.  Evidences  of  osseous 
formation  as  the  result  of  the  chronic  periostitis  have  also  been 
discovered.  Politzer  has  noticed  degeneration  of  the  ganglion 
cells  in  Rosenthal's  canal  (canalis  spiralis  modioli). 

The  Symptoms  are  more  or  less  marked  deafness,  tinnitus,  and 
pain  in  the  ear  and  side  of  the  head ;  giddiness  and  defective 
balancing  power  are  present  in  some  cases.  The  tinnitus  is 
seldom  absent,  and  is  liable  to  come  on  suddenly  as  the  first 
symptom.  The  kind  of  noise  varies  in  different  cases,  and  also  at 
different  times  in  the  same  case. 

The  deafness  comes  on  with  or  after  the  tinnitus ;  it  is  gener- 
ally severe  from  the  first,  and  soon  becomes  complete.  Both  ears 
are  usualh^  affected,  one  perhaps  more  than  the  other;  the  loss  is 

*  Zeitschrift  far  Ohrenheilhunde,  B(1.  xiv. 
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seldom  unilateral.  Inflation  of  the  middle  ear  makes  little  or  no 
difference  in  the  hearing-power.  The  impairment  of  bone-con- 
duction is  early  and  marked,  and  the  loss  of  power  soon  becomes 
complete ;  when  one  side  only  is  affected,  the  tuning-fork  is  heard 
by  the  normal  ear.  When  there  is  severe  impairment,  Rinne's 
test  gives  positive  results.  It  would  seem  that  in  most  cases  of 
syphilitic  disease  of  the  lab^^rinth,  the  power  of  appreciating  low 
notes  is  the  last  to  become  affected  and  the  first  to  be  recovered  : 
l^fcce  the  probability  that  the  cochlea  is  the  seat  of  the  disease. 

The  objective  symptoms  vary,  according  as  lesions  of  the  mem- 
brana  tjmipani  or  throat  are  present  or  absent.  Politzer  has 
noticed  whitish,  well-defined  patches  dotted  over  the  membrane. 
Mucous  patches  or  perhaps  superficial  ulceration  in  the  fauces  and 
neighbouring  parts,  with  general  congestion  of  the  throat,  in- 
volving the  naso-pharynx  and  the  mouths  of  the  Eustachian  tubes, 
are  likely  to  be  present  if  the  disease  occur  in  connection  with  the 
secondary  stage  of  syphilis. 

Pain,  when  present,  varies  as  to  locality,  being  felt  in  some 
cases  in  the  side  of  the  head,  and  in  others  about  the  eyes. 
Sometimes  there  is  severe  nocturnal  bony  pain  in  the  scalp,  and 
this  is  likely  to  be  present  when  the  aural  complication  occurs 
during  the  latter  part  of  the  secondary  stage.  Under  such  circum- 
stances the  complaint  is  analogous  to  iritis  and  neuro-retinitis, 
the  result  of  acquired  disease. 

Mr.  Hutchinson  points  out  that  when  the  ear-affection  is  due 
to  an  inherited  taint,  severe  deafness  is  seldom  noticed  till  the 
patient  is  eight  years  old.  It  usuall}^  occurs  at  a  later  period  and 
is  accompanied  by  keratitis,  whereas  iriti^•.  is  an  earlier  symptom. 
In  this  class  of  cases  total  deafness  is  ver}'  liable  to  ensue,  and 
the  disease  is  a  frequent  cause  of  accpiired  deaf-mutism.  The  late 
^Ir.  Hinton  stated  that  one  in  twenty  of  his  patients  suffered  from 
it,  and  that  it  was  bv  far  the  most  common  cause  of  non-con o-enital 
deaf-mutism.  Sir  William  Dalby  places  it  next  to  scarlet  fever 
as  a  cause  of  that  condition,  and  he  states  that  the  most  general 
time  at  which  the  aural  affection  shows  itself  is  from  five*  to 
fifteen  years  of  age ;  the  earliest  age  at  which  he  has  seen  it 
being  five,  and  the  latest  twenty-three  j^ears.  The  changes  found 
in  the  ears  2>^st  mortem  consist  of  suppuration  in  the  tympanum  ; 
thickening  of  the  membrane  and  adhesions  between  it  and  the 
promontory ;    hypersemia    and     ha?morrhage    in    the     labyrinth  ; 
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pus  cells  ill  the  vestibule,  and  disintegration  of  Corti's  organ. 
Hereditary  syphilis  of  the  labyrinth  is  often  accompanied  hj 
middle-ear  catarrh,  suppurative  inflammation  or  adhesive  pro- 
cesses, interstitial  keratitis,  and  the  peculiarly  notched  teeth 
described  by  ^Ir.  Hutchinson  (see  page  560). 

Labyrinthine  affections  connected  with  accpiired  syphilis 
usually  run  a  rapid  course,  the  loss  of  hearing-power  sometimes 
becoming  complete  in  the  course  of  a  few  days.  In  other  cases 
the  deafness  is  more  gradually  developed,  and  remains  for  some 
time  stationary  after  reaching  a  certain  degree,  and  then  becomes 
aggravated.  Slight  injuries  to  the  head  have  a  very  unfavourable 
influence  on  the  course  of  the  disease.  The  deafness,  once  fully 
developed,  is  not  liable  to  alterations,  and  any  improvement  that 
may  take  place  is  usually  very  gradual  in  its  progress. 

The  Diagnosis  will  be  determined  by  the  history  of  the  case 
and  the  nature  of  any  co-existing  symptoms.  The  suddenness 
with  which  the  tinnitus  and  deafness  usually  come  on  and  the 
early  loss  of  bone-conduction  are  important  features  in  the  com- 
plaint. The  loss  of  hearing  is  likewise  symmetrical,  and  the 
middle  ear  is  often  found  to  be  healthy.  If  there  be  at  the  same 
time  evidences  of  syphilitic  infection — e.'/..  a  characteristic  eruption, 
enlarged  inguinal  or  cervical  glands — there  can  be  little  doubt  as 
to  the  nature  of  the  aural  disease.  When,  as  sometimes  happens, 
the  deafness  supervenes  gradually,  and  many  years  after  the 
primary  infection,  and  there  are  no  evidences  of  syphilis,  the 
determination  of  the  true  nature  of  the  case  may  prove  very 
difficult.  The  results  of  treatment  may.  however,  supply  some 
information. 

Prognosis. — This,  as  a  general  rule,  is  decidedly  unfavourable  : 
but  it  varies  Avith  the  patient's  condition  and  with  the  duration  of 
the  symptoms.  The  deafness  is  likely  to  be  permanent  in  cases  of 
acquired  syphilis  when  the  patient  is  middle  aged,  and  has  become 
much  reduced,  and  likewise  suffers  from  congestion  of  the  throat 
and  closure  of  the  Eustachian  tubes.  In  young  subjects,  on  the 
other  hand,  of  good  constitutions,  and  coming  early  under  treat- 
ment, the  prognosis  is  more  favourable.  In  the  hereditary  form, 
little,  if  any,  benefit  can  be  anticipated  from  treatment. 

Treatment. — The  patient,  if  young  and  in  fair  health,  should 
at  once  be  put  upon  a  course  of  mercury  and  iodide  of  potassium. 
One  grain  of  blue  pill  or  of  mercury  with  chalk  may  be  given 
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twice  or  three  times  a  clay,  the  results  being  carefully  watched. 
The  addition  of  a  grain  of  reduced  iron  is  often  beneficial  (see 
page  199).  Salivation  must,  of  course,  be  avoided,  if  possible.  If 
no  improvement  take  i:)lace  after  three  or  four  weeks,  the  dose  of 
iodide  of  potassium  should  be  gradually  increased,  until  a  drachm 
or  more  is  taken  dail\'.  In  old-standini>*  cases,  a  combination  of 
mercur}'  with  iodine  will  sometimes  prove  more  efficacious  than 
either  drug  alone.  Improvement  will  be  indicated  b}'  increase  of 
hearing-power  and  of  bone-conduction. 

For  recent  cases  Politzer  recommends  the  subcutaneous  injec- 
tion of  from  four  to  twelve  drops  dail}^  of  a  2  per  cent,  solution 
of  pilocarpin.  He  states  that  he  has  obtained  very  good  results 
from  this  treatment,  and  advises  its  adoption  in  the  cases  specified. 
If  no  improvement  be  discoverable  in  from  eight  to  fourteen  days, 
mercury  must  be  prescribed.  He  likewise  recommends  such  local 
treatment  as  injections  into  the  meatus  of  solutions  of  the  iodide 
of  potassium,  and  the  application  of  iodoform  or  mercurial 
ointment  behind  the  ear.  AVarm  baths  and  the  internal  adminis- 
tration of  iodine  and  sulphur  waters  are,  he  states,  valuable 
adjuncts   to  other   kinds  of  treatment. 

The  author  is  strongly  of  opinion  that  mercury  should  be 
administered  in  all  cases  of  syphilis  irrespective  of  the  stage,  and 
that  iodide  of  potassium  should  be  given  in  additioti  as  long  as  the 
so-called  secondary  symptoms  are  present,  and  in  the  later  stages 
of  the  disease. 

As  a  subsidiary  measure  it  is  well  to  guard  the  patient's  ears 
from  the  irritation  produced  by  sounds  and  noises  of  various 
kinds.  Relief  is  not  infrequently  obtained  by  a  change  of 
residence  to  some  quiet  sea-side  or  country  place.  Dr.  Koosa 
thinks  that  for  the  effective  treatment  of  some  aural  diseases 
it  is  just  as  necessary  to  protect  the  ears  from  loud  or  continuous 
sounds,  as  to  keep  the  eyes  from  the  effect  of  light  in  many 
diseases  of  these  organs. 
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MENIERE'S  GROUP  OF  SYMPTOMS. 

Meniere's  Account  of  his  First  Case — Phenomena  of  the  Attacks  and 
Conse(|uences — Pathology — Flourens'  and  Crum  Browns  Experi- 
ments— Dr.  Wilks'  View — Drs.  AVoakes'  and  Gruber's  Theories — 
Effects  of  Intra-Labyrinthine  Tension — Prof.  Stein er's  Experiments 
— Diagnosis — Prognosis — Treatment. 

Affections  of  the  labyrinth  often  o-ive  rise  to  disorders  ofhearino-. 
noises  in  the  ears,  giddiness,  unsteady  gait  and  nausea ;  and 
these  symptoms  more  frequently  occur  in  combination  than 
singly,  though  sometimes  one  and  sometimes  another  predomi- 
nates over  the  rest.  Impairment  or  even  loss  of  hearing-power, 
accompanied  by  the  other  symptoms  above  mentioned,  may  come 
on  suddenljr,  and  so  far  resemble  an  attack  of  apoplexy,  and 
doubtless  many  such  cases  have  been  reo-arded  as  due  to  cerebral 
or  meningeal  disease.  The  connection  bet^^•een  these  symptoms 
and  lesions  of  the  internal  ear  ^^•as  first  su2"o"ested  by  Meniere,* 
who  met  ^^'ith  a  case  in  which  deafness,  giddiness,  and  vomiting 
suddenly  came  on,  and  death  ensued  on  the  fifth  day.  The 
patient  was  a  young  girl  \\\\o  had  been  exposed  to  cold  during 
a  catamenial  period.  On  post-mortem  examination  nothing- 
abnormal  was  found  in  the  brain  or  spinal  cord  ;  but  the  semi- 
circular canals  were  filled  ^^■ith  a  reddish  plastic  material,  which 
extended  into  a  portion  of  the  vestibule,  but  was  absent  from  the 
cochlea.  This  and  other  similar  cases  induced  Meniere  to  believe 
that  the  attack  was  due  to  a  peculiar  lesion  of  the  labyrinth,  in 
which  the  sudden  effusion  of  blood,  or  other  fluid,  produced 
sj'mptoms    akin  to  those    caused    in  animals  by  injuries   to   the 

*  "Meraoire  sur  les  lesions  de  Toreille  interne  donnant  lieu  a  des  symptomes 
de  congestion  cerebrale  apoplectiforme." — Gazette  Med.  dc  Paris,  1861,  p.  598. 
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semi-circular  canals.  Meniere  did  not  merely  wish  to  draw 
attention  to  the  fact  that  vertigo  was  a  common  symptom  in 
patients  suffering  from  deafness,  or  from  some  disease  of  the 
organ  of  hearing.  He  wished  to  show  that  sudden,  apoplectiform 
symptoms,  including  at  least  a  transient  form  of  unconsciousness, 
might  occur  in  a  person  previousl}^  healthy,  and  be  followed  by 
deafness,  and  that  disease  of  the  internal  ear  might  be  the  cause 
of  all  the  symptoms. 

The  Phenomena  characteristic  of  Meniere's  disease  are  as 
follows : — Without  obvious  cause  a  person  suddenly  becomes 
conscious  of  noises  in  the  ears,  and  feels  giddy  and  sick  ;  the 
expression  is  anxious  and  the  face  pale  and  often  covered  ^^'ith 
perspiration  ;  the  power  of  hearing  ordinary  sounds  is  much 
impaired  or  even  altogether  lost.  Sometimes  the  patient  falls  to 
the  ground,  but  without  becoming  unconscious.  Charcot  states 
that  during  the  attack,  "  whatever  raay  be  its  intensity,  the 
patient  absolutely  preserves  perfect  consciousness  of  his  actions," 
and  that  as  soon  as  the  first  effects  have  passed  off  he  is  able  to 
render,  without  hesitation,  an  account  of  all  he  has  felt.  The 
duration  of  the  symptoms  varies  greatly ;  they  ma}^  last  onl}^  a 
fe\^■  minutes,  or  may  continue  for  several  hours.  After  the  attack 
is  considered  to  be  over  some  amount  of  giddiness  often  remains ; 
the  patient  walks  \\ith  difficulty  owing  to  loss  of  balancing  po^^■er. 
Seizures  of  a  like  character  recur  at  varying  intervals  ;  in  some 
patients  they  appear  to  assume  an  intermittent  t3^pe,  coming 
on  at  much  the  same  hour.  The  impairment  of  hearing,  generally 
affecting  both  sides,  continues  for  an  indefinite  time,  and  is  apt  to 
be  progressive,  until  total  deafness  results.  When  this  latter 
stage  has  been  reached,  the  attacks  usually  cease  to  trouble  the 
patient ;  but  there  are  exceptions  to  this  rule.  Mental  depression 
is  often  a  prominent  symptom. 

In  some  cases  the  attacks  are  preceded  by  premonitory 
s^'mptoms,  such  as  noises  in  the  ears,  of  various  kinds,  and  these 
have  been  regarded  as  corresponding  \\'ith  the  aura  of  epileps}^ 
On  the  other  hand,  cases  occur  in  which  the  attack  is  preceded  by 
a  cessation  of  the  tinnitus,  which  had  previously  been  constant. 
Ocular  symptoms,  such  as  hemiopia,  dilatation  of  the  pupils,  and 
muscce  volitantes  are  sometimes  observed  during  the  attack. 

The  deafness  presents  several  peculiarities  ;  it  may  be  com- 
plete or  incomplete,  or  onlj^  the  po\\'er  of  hearing  certain  sounds 
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may  be  lost.     When  both  ears  are  involved,  perception  through 
the  bones  of  the  skull  is  almost  or  altogether  absent. 

Pathology.  —  The  exact  causation  of  Meniere's  group  of 
symptoms  is  as  yet  far  from  clear  ;  it  is  a  matter  of  common 
experience  that  giddiness,  faintness,  and  sickness  may  occur  in 
connection  with  diseases  of  the  middle  and  external  ear.  and  may 
even  be  caused  by  accumulations  of  cerumen.  Paroxysmal 
vertigo  is  often  associated  with  more  or  less  deafness,  buzzing 
and  singing  in  the  ears.  In  most  of  these  cases  the  external 
parts  are  free  from  disease ;  but  the  tuning-fork  applied  to  the 
vertex  is  not  heard  on  the  affected  side,  and  hence  it  may  be 
inferred  that  the  internal  ear  is  the  seat  of  the  mischief.  The 
experiments  of  Flourens  and  Crum  Brown  show  that  artificial 
lesions  of  the  semi-circular  canals  give  rise  to  disturbances  ol" 
equilibrium,  due  to  the  feeling  of  giddiness ;  and  the  latter 
experimenter  believes  that  the  function  of  these  canals  is 
to  furnish  the  impressions  which  form  the  chief  basis  of  our 
knowledge  as  to  the  relations  between  our  movements  and  those 
of  surrounding  objects.  If  the  horizontal  canal  be  divided,  the 
head  of  the  animal  is  turned  alternately  to  the  right  and  left. 
Injury  to  the  posterior  vertical  canal  causes  an  up  and  down 
movement,  a  nodding  of  the  head,  and  the  animal  not  infre- 
quently falls  forwards  or  backwards.  Injury  to  the  superior 
vertical  canal  causes  similar  movements  of  the  head,  and  the 
animal  tends  to  fall  forwards.  When  all  the  canals  are  destroj'ed, 
various  pendulum-like  movements  are  performed,  and  standing  is 
impossible.  The  movements  are  supposed  to  be  reflex  results  of 
impressions  conveyed  to  the  co-ordinating  centre  for  the  various 
canals,  which,  under  normal  conditions,  balance  each  other,  but 
fail  to  do  so  when  some  canals  are  diseased  or  injured.  It  has 
been  suggested  by  some  writers  that  the  cause  of  the  vertigo  is 
disorder  of  the  labyrinth.  Pressure  on  the  fenestra  ovalis  causes 
increased  tension  in  the  semi-circular  canals,  and  thus  all  cases  of 
aural  vertigo  have  been  thought  to  be  examples  of  Meniere's 
disease.  Dr.  Hilton  Fagge*  considered  that  the  case  recorded  by 
Meniere  himself  was  not  satisfactory^  as  a  basis  for  the  generally 
accepted  theory,  and  that  the  explanation  was  improbable.  It  is 
generall}^  assumed  that  in  cases  of  this  kind  haemorrhage  takes 
place  into  the  semi-circular  canals ;  but  the  blood  must  be  effused 
*  Text-Book  of  the  Principles  and  Practice  of  Medicine,  vol.  i.  p,  769. 
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on  both  sides,  since  the  deafness  is  o'enerally  in  both  ears.  In 
some  cases  also  the  cerebral  S3'mptoms  come  on  suddenly,  and 
as  snddenh'  pass  off. 

Dr.  Wilks  suggests  a  different  view  from  that  usually  accepted 
as  to  the  causation  of  Meniere's  symptoms.  He  thinks  that  in 
cases  in  which  there  is  no  affection  of  the  meatus  or  tympanuui, 
both  the  deafness  and  cerebral  sjniiptoms  are  generally  due  to 
changes  in  the  nervous  centres.  In  Meniere's  disease,  strictly 
so-called,  the  sudden  loss  of  hearing  may  be  due  to  some  affection 
of  the  auditor}'  centre,  and  the  giddiness  to  a  similar  affection  of 
the  centre  for  equilibrium,  probably  adjacent,  since  its  most 
important  afferent  nerves  come  from  the  semi-circular  canals. 
The  vertigo  often  presents  marked  peculiarities,  supposed  to 
depend  upon  affections  of  particular  ampullae,  but  these  can  all  be 
referred  to  corresponding  changes  in  the  centre,  in  which  the 
functions  of  each  canal  must  necessarily  be  fully  represented.  In 
support  of  this  view.  Dr.  Fagge  adduced  the  analogy  ^\'ith 
other  paroxysmal  neuroses.  Impairment  of  sight  is  frequent  in 
migraine,  and  is  due  to  affection  of  the  brain  and  not  of  the  eyes. 
In  some  recorded  cases  of  Meniere's  disease,  cloudiness  before  the 
ej'es  and  obscuration  of  the  visual  field  were  associated  with  the 
vertigo.  The  two  neuroses  may  perhaps  have  been  combined,  the 
nerve-storm  spreading  beyond  its  usual  limits  and  encroaching  on 
the  area  concerned  in  migraine.  In  the  apoplectiform  cases 
described  by  Meniere,  the  disturbance  was  diffused  over  the 
hemispheres,  and  occasioned  the  loss  of  consciousness.  Another 
argument,  adduced  b}'  Dr.  Fagge,  in  favour  of  Dr.  AVilks'  view, 
is  suggested  by  the  fact  that  bromide  of  potassium  is  capable 
of  removino-  p-iddiness  and  loss  of  hearino-  at  the  same  time.  In 
Mr.  Hinton's  cases  of  Meniere's  disease,  paroxj^smal  vertigo  and 
sickness  with  transient  deafness  were  all  caused  to  recur  by 
administering  quinine,  and  removed  by  other  treatment. 

In  some  cases  it  was  observed  that  the  impairment  of  hearing 
was  especiall}^  marked  for  certain  musical  tones,  those  of  the 
middle  octaves  being  distinctly  perceived,  while  those  of  the  lower 
and  still  more  those  of  the  higher  octaves  were  heard  very 
imperfectly.  In  some  of  Charcot's  patients  it  was  noticed  that 
the  vertigo  and  buzzing  were  complained  of  so  long  as  the  deaf- 
ness was  partial  ;  but  that  those  symptoms  disappeared  when 
the  hearing  was  completely  lost.     But  even  if  in  these  cases  the 
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internal  ear  is  the  part  primarily  affected,  it  does  not  follow  that 
the  same  thing  is  true  of  the  apoplectiform  cases,  or  that  the 
vertigo  is  anj'thing  but  a  neurosis.  The  same  sjmiptoms  may  be 
produced  in  many  different  ways,  but  are  themselves  always  the 
direct  result  of  one  particular  kind  of  nervous  disturbance,  just 
as  migraine  may  be  excited  by  a  variety  of  causes. 

T\\o  other  theories  with  regard  to  Meniere's  disease  require  a 
brief  notice.  The  first  of  these,  advanced  by  Dr.  Woakes,  is  to 
the  effect  that  the  symptoms  are  due  to  an  affection  of  the  inferior 
cervical  ganglion  of  the  sj^mpathetic.  This  ganglion  exercises  an 
influence  upon  the  vertebral  arterj',  and  therefore  upon  the  vessels 
of  the  lab^^rinth  :  and  it  is  also  connected  with  the  branches  of 
the  vagus.  AVhen  the  action  of  the  ganglion  is  weakened,  deaf- 
ness, noises  in  the  ears,  and  giddiness  result  from  labyrinthine 
disorder,  while  nausea  and  vomiting  are  caused  by  implication 
of  the  vagus.  Quinine  and  -tobacco  depress  the  action  of  the 
ganglion,  while  liydrobromic  acid  has  an  opposite  effect. 

Another  theory,  advanced  by  Professor  Gruber.*  refers 
Meniere's  group  of  symptoms  to  pressure  on  the  base  of  the  brain 
by  fluid  passing  through  the  aquasductus  cochleae  and  vestibuli. 
He  considers  that  variations  in  the  size  of  the  recessus  Coturjnii,  in 
which  the  endo-lymphatic  duct  terminates,  are  principal  factors  in 
the  causation  of  the  symptoms.  In  different  cases  this  recessus  is 
found  to  be  sometimes  as  large  as  a  hazel-nut.  and  sometimes  so 
small  as  to  be  scarcely  perceptible.  When  the  intra-labyrinthine 
tension  is  increased,  the  perilymph  is  first  affected  and  yields  to 
the  pressure  ;  fluid  passes  through  the  aquasductus  cochleae  into 
the  sub-arachnoid  space,  and  if  the  movement  be  rapid,  the  effects 
of  pressure  are  produced  on  the  brain.  Moreover,  when  tension 
is  excessive  in  the  saccule,  the  endolymph  escapes  directly  through 
the  acpia^ductus  vestibuli  towards  the  cranial  cavity ;  and  if  the 
recessus  Cotugnii  be  fully  developed,  it  becomes  proportionately 
enlarged,  and  by  pressing  upon  the  centre  for  equilibrium,  the 
cerebellum,  it  causes  the  giddiness  and  other  similar  symptoms. 
If  the  recessus  Cotugnii  is  but  feebly  developed,  the  symptoms 
will  fail  to  appear.  It  must  be  remembered  that  fluid  passing- 
through  the  aquaeductus  cochleie  into  the  sub-arachnoid  space 
causes  very  slight  pressure  over  a  large  area ;  whereas  enlarge- 
ment of  the  recessus  Cotugnii  gives  rise  to  considerable  pressure 

*  Lc'Iirhi/ch  der  OhrenheiUmnde,  S.  613. 
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limited  to  a  small    space,  but    affecting   the   auditory  nerve,  the 
sixth  nerve,  and  the  centre  for  respiration. 

It  is  certain  that  Meniere's  S3nnptoms  may  originate  in  various 
organs ;  they  are  especialh^  liable  to  happen  when  the  semi- 
circular canals  are  irritated,  but  this  fact  does  not  prove  that 
these  parts  are  the  sensory  organs  for  the  equilibrium  of  the 
head,  and  indirectly  of  the  whole  body.  In  support  of  his  view 
that  the  semi-circular  canals  are  not  necessarily  concerned  in  the 
production  of  Meniere's  symptoms,  Gruber  cites  cases  in  which, 
during  long  periods,  there  was  never  any  trace  of  giddiness  or 
involuntary  movements,  and  yet  post-mortem  examination  showed 
that  the  canals  were  the  seat  of  various  lesions,  or  were  com- 
pletely destroyed.  Moreover,  in  deaf-mutes  these  parts  may  be 
defective  or  altogether  wanting,  and  yet  there  may  be  no  giddi- 
ness. There  is  also  another  consideration  which  is  worthy  of 
notice.  Increased  labyrinthine  pressure  and  consequent  irritation 
of  the  semi-circular  canals  must  often  exist  in  cases  of  acute 
middle-ear  inflammation,  and  yet  the  occurrence  of  Meniere's, 
s^auptoms  is  comparatively  rare.  It  must,  of  course,  be  admitted 
that  disturbances  of  equilibrium  often  originate  in  the  labyrinth  ; 
but  they  do  so  because  of  the  relations  of  this  structure  to  the 
central  nervous  organs,  the  degree  of  irritation  required  to  pro- 
duce them  being  dependent  upon  individual  peculiarities  of  the 
auditory  organ  and  adjacent  parts. 

Still  more  serious  objections  to  the  ordinary  theory  of  the 
function  of  the  semi-circular  canals  have  recently  been  raised  by 
Professor  Steiner,*  of  Cologne,  who  has  experimented  on  sharks, 
caught  in  the  Bay  of  Naples.  In  these  flsh  the  canals  are  par- 
ticularly well  developed,  and  are  superficially  arranged  beneath  the 
skin  and  separated  from  the  brain  by  a  considerable  mass  of" 
cartilage.  They  can,  therefore,  be  laid  bare  without  injury  to 
other  parts.  When  this  has  been  done,  and  the  canals  excised 
and  the  wound  closed,  no  disturbance  of  locomotion  is  seen  when 
the  fish  is  replaced  in  the  water.  But  if,  after  laying  bare  the 
labyrinth,  the  auditory  nerve,  or  the  ossicles  surrounding  the 
same,  are  pulled  or  displaced,  the  result  is  always  a  disturbance 
in  the  form  of  rotatory  or  circular  compulsory  movements.  The 
same  effects  can  be  produced  b}^  similar  operations  on  frogs  and 
lizards.     In  the  higher  vertebrates,  the  structures  concerned  are 

*  Deutsche  Med.    Wocli.,  Nov.  21,  1880;  Brit.  Med.  Journ.,  April  5,  1890. 
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so  complicated  that  other  parts  are  necessarily  injured  in  the 
experiments.  Meniere's  symptoms  would  appear  to  originate 
rather  in  lesions  affecting  the  brain  or  its  membranes,  and,  as 
f!rub(M'  su])poses,  causing  increase  of  pressure. 

Diagnosis. — This  is  made  by  a  careful  observation  of  the  sym- 
ptoms, and  by  noticing  the  absence  of  signs  of  paralj'sis  of  any 
other  cerebral  or  spinal  nerves.  According  to  Meniere,  the  fact 
that  the  symptoms  are  confined  to  the  organ  of  hearing  excludes 
the  possibilit}^  of  a  cerebral  affection,  for  if  there  were  any  central 
lesion  of  the  auditory  nerve,  other  symptoms  would  make  their 
appearance,  inasmuch  as  other  nerve-centres  are  very  close  to  the 
origin  of  the  nerve  in  question.  But  Politzer  points  out  that  in 
cases  in  which  the  attacks  are  preceded  by  tinnitus,  sensations  of 
pressure  and  fulness  in  the  ears,  giddiness  and  impairment  of 
hearing,  the  diagnosis  of  Meniere's  disease  must  not  be  made  as  a 
matter  of  course.  Such  symptoms  are  certainly  suggestive,  but 
they  occur  also  in  cerebral  congestion,  at  the  commencement  of 
several  diseases  of  the  brain,  and  particularly  in  connection  with 
cerebral  tumours.  It  may  be  mentioned  that  disturbances  of 
hearing  are  only  exceptionalh^  present  in  lesions  of  the  cere- 
bellum ;  the}'  are  due  to  accidental  pressure  upon  some  of  the 
adjacent  fibres  of  the  auditory  nerve. 

If,  on  the  other  hand,  the  attacks,  as  already  described,  occur 
Avithout  prodromal  symptoms  and  in  a  marked  form — that  is  to 
say,  if,  in  a  person  previously'  possessing  normal  hearing,  noises  in 
the  ears  and  more  or  less  deafness  suddenly  supervene,  accompanied 
by  giddiness  and  staggering,  but  no  other  signs  of  paralysis,  and 
if  the  external  parts  of  the  ear.  the  membrane  and  Eustachian 
tube  are  found  to  be  normal — the  existence  of  an  affection  of  the 
labyrinth  may  fairly  be  assumed.  After  some  time  the  diagnosis 
may  become  very  difficult;  the  loss  of  hearing  may  be  due  to 
rigidit}"  of  the  ossicles,  supervening  after  all  s^-mptoms  of  a 
severe  tympanic  affection  have  completely  disappeared. 

Prognosis. — This  is  decidedly  unfavourable  in  cases  in  which 
months  or  years  have  elapsed  since  the  hearing  was  lost.  On  the 
other  hand,  in  recent  cases,  with  only  partial  impairment,  some 
improvement  may  be  anticipated  from  treatment.  Restoration  of 
hearing-power,  with  freedom  from  further  liability  to  attack,  is. 
however,  quite  exceptional. 

Treatment. — An  attempt  should  be  made  to  ascertain  the  con- 
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(lition  of  the  ears,  and  the  patient  shoukl  be  carefully  examined 
in  other  respects.  If  there  he  indications  of  cerebral  hyperaeniia, 
cold  should  be  applied  to  the  head  and  mustard  plasters  to  the 
calves  of  the  legs  :  laxatives  are  generally  indicated.  The  patient 
must,  of  course,  be  kept  as  quiet  as  possible ;  his  symptoms  ^\i\\ 
cause  him  to  adopt  the  recumbent  posture,  \\ith  the  head  raised. 
The  diet  should  be  restricted  to  light  and  non-stimulating- 
articles. 

A'arious  remedies  have  been  recommended  for  the  relief  of  the 
symptoms,  and  good  results  are  sometimes  obtained  from  quinine 
and  iodide  of  potassium.  The  former  is  given  in  daily  dcses  of  fi'om 
five  to  fifteen  grains  ;  but  its  use  re({uires  care.  Sometimes  the 
giddiness  is  decidedly  diminished  after  a  few  doses ;  but  in  other 
cases,  the  symptoms  are  increased.  If  no  good  result  be  obtained 
after  three  or  four  days'  treatment  with  quinine,  the  medicine 
should  be  discontinued.  Gruber  mentions  a  case  which  illustrates 
the  necessit}^  of  great  care  in  the  use  of  quinine  in  this  affection. 
A  woman,  otherwise  in  good  health,  had  suffered  from  chronic 
middle-ear  suppuration  for  some  years.  Meniere's  symptoms 
appeared  in  an  acute  form,  and  quinine,  was  given  in  daily  doses 
of  fifteen  grains.  No  improvement  resulted ;  but  on  the  third  day 
symptoms  of  acute  glaucoma  supervened,  for  which  iridectomy 
was  performed.  Reports  differ  as  to  the  effect  of  quinine  upon 
the  blood-vessels.*  Accordino-  to  some  authorities,  the  druo- 
causes  angemia  of  the  retinal  vessels  ;  while  others  assert  that 
they  ha\e  seen  hj'peraamia  and  extravasation  follow  its  adminis- 
tration. Other  experiments  showed  a  reduction  of  the  tempera- 
ture in  the  external  meatus,  and  no  hypersemia  of  the  membrane, 
after  the  use  of  quinine.  Its  good  effects  ujjon  Meniere's 
symptoms  have  been  ascribed  to  its  power  of  lowering  the  blood- 
])ressure.  and  of  producing  anaemia  of  the  labyrinth. 

The  iodide  of  potassium  should  be  given  in  daily  quantities 
of  from  eight  to  fifteen  grains,  and  continued  for  at  least  a  month. 
It  is,  of  course,  especially  indicated  whenever  there  is  a  historj'  of 
syphilis.  If,  in  such  a  case,  the  symptoms  continue  unchecked, 
the  dose  should  be  gracTually  increased;  and  if  no  result  ])e 
obtained,  mercury  should  be  cautiously  administered.  In  non- 
syphilitic  subjects,  the  bromide  of  potassium,  combined  ^^'ith 
tincture  of  aconite,  has  been  found  beneficial. 

*  See  Dr.  Brunner's  Paper  in  Archives  of  Otoloyi/,  vol.  xvii.  p.  206. 
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In  recent  cases  exhibiting  Meniere's  symptoms,  Pulitzer 
recommends  the  daily  subcutaneous  injection  of  pilocarpine. 
four  to  ten  drops  of  a  2  per  cent,  solution,  or  the  same  quantity 
internally.  Gruber  recommends  tincture  of  arnica  internally, 
live  drops  with  a  little  tincture  of  nux  vomica,  twice  daily ;  the 
dose  to  be  gradually  increased  until  ten  drops  are  taken,  and  the 
medicine  is  to  be  continued  for  several  weeks.  AVhen  the 
^symptoms  occur  in  \\omen  shortly  after  the  menopause,  leeches 
.should  be  applied  to  the  mastoid  process  and  laxatives  should 
be  given  somewhat  freely.  In  gouty  subjects,  colchicum  and 
potash  are  indicated ;  and  if  there  be  much  nervous  excitement, 
the  bromides  may  be  tried  in  combination  with  belladonna. 

Xot  much  can  be  expected  from  local  treatment,  but  Politzer 
recommends  that,  after  the  acute  symptoms  have  subsided,  either 
the  pilocarpine  solution,  or  eight  to  ten  drops  of  a  warm  solution 
•of  iodide  of  potassium,  should  be  injected  into  the  tympanum  with 
the  catheter  every  other  day  for  three  or  four  weeks.  In  chronic 
<.*ases.  change  of  air  and  warm  or  tepid  baths  are  likely  to  prove 
^iseful. 
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XEUROSES  OF  THE  AUDITORY  NERVE. 

Acoustic  Ilyperresthesia — Various  Forms — After-Sensations — Neuralgia  of 
the  Ear — Hyperacusis  of  Willis — Acoustic  Anaesthesia — Deafness 
Caused  by  Occupations — Symptoms  of  Xervous  Deafness — Paracusis 
Loci — SubjectiA-e  Auditory  Sensations — Peculiarities  and  Causes — 
Changes  in  the  Middle  and  Internal  Ear — Effects  of  Certain  Drugs — 
Keflex  Causes — Question  as  to  State  of  Auditory  Xerve— Variations 
in  Sensations — Entotic  Xoises— Effects  of  Subjective  Sensations — 
X'oises  Produced  in  Throat — Peculiarities  in  Individuals— Prognosis 
— Treatment. 

VakioU:?  perversions  of  hearing  are  caused  by  disorders  of  the 
labyrinth  and  auditory  nerve  and  acoustic  centres,  and  the 
faculty  of  hearing  may  be  increased,  diminished,  or  altered  in 
various  ways.  Subjective  sensations,  disorders  of  equilibrium, 
and  disorders  of  the  stoinacli  are  other  symptoms  of  functional 
and  organic  disease  of  the  nervous  structures  of  the  ear. 

The  hearing-power  may  be  either  increased  or  diminished ; 
the  degree  of  alteration  varying  considerabh'  in  different  cases. 
Increase  of  power  is  exhibited  in  two  forms :  in  one,  there  is 
abnormal  acuteness  of  hearing;  in  the  other,  unpleasant  or 
painful    sensations  are   caused  by   sounds  or  noises.     Acoustic 

Hyperaesthesia,  or  Hyperacusia  in  the  strict  sense,  is  a 

condition  which  may  be  manifested  in  several  ways.  (1)  The 
acuteness  is  so  great  that  sounds  used  for  testing  are  heard  at 
abnormally  long  distances;  (2)  sounds,  previously  inaudible,  are 
clearly  perceived ;  (3)  exceedingh'  slight  differences  in  the  pitch 
can  be  readih'  distinguished.  This  last  condition  is  often  phvsio- 
logical ;  it  may  be  observed  in  persons  with  highly  trained  ears, 
such  as  musicians,   some   of  whom,  by  practice,  can  distinouish 
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sounds  differing-  no  more  tlian  in  tlie  proportion  of  10,000  to 
10,001  vibrations.  Hj^peracusia.  of  a  pathological  kind,  nia}^  be 
associated  with  increased  power  of  other  special  senses — e.g., 
sight,  smell,  etc. ;  and  such  instances  are  seen  in  somnambulists, 
and  in  persons  in  a  state  of  ecstas}'.  The  hearing  may  be 
abnormally  acute  for  all  tones  and  noises,  or  only  for  certain 
sounds,  hi  some  instances,  persons  can  hear  at  great  distances 
sounds  which  to  others  are  either  indistinct  or  quite  inaudible. 
This  condition  is  sometimes  noticed  in  cerebral  congestion,  pro- 
duced by  stimulants,  and  in  excitable  persons,  in  the  absence  of 
any  other  affection  of  the  ear ;  sometimes  it  comes  on  after 
subsidence  of  catarrh  of  the  tubes  and  tympanum. 

In  acoustic  hyperaesthesia  more  or  less  painful  sensations  are 
caused  in  the  ear  by  various  tones  or  noises.  Even  in  normal 
ears  such  sensations  are  often  caused  by  tones  of  high  pitch,  and 
instances  of  this  kind  are  frequently  seen  in  anaemic,  nervous, 
and  excitable  persons. 

This  auditory  hyperaesthesia  is  sometimes  the  precursor  of 
deafness  and  of  cerebral  disorder ;  it  has  been  often  observed  in 
cerebro-spinal  meningitis  and  after  injuries  to  the  head.  When 
associated  witli  sleeplessness  and  irritability,  it  is  an  occasional 
precursor  of  apoplexy.  It  is  sometimes  noticed  in  the  early  stage 
of  fevers,  and  during  excitement  from  any  cause ;  after  the  effects 
of  chloroform  have  passed  away,  there  is  sometimes  auditory 
hypersesthesia  of  a  transient  character.  In  certain  phases  of 
sleep,  there  is  increased  sensitiveness  of  the  auditor}-  nerve  ;  Diday 
says  that  this  nerve  is  the  last  to  go  to  sleep  and  the  first  to 
a^^'ake.  The  same  condition  may  be  caused  by  over-exertion,  and 
by  want  of  sleep  ;  it  is  frequently  noticed  in  neurasthenic  con- 
ditions, and  as  a  concomitant  of  migraine.  It  is  often  sym- 
ptomatic of  acute  and  chronic  affections  of  the  sound-conductnig 
apparatus  and  of  the  labyrinth,  and  especially  of  the  worst  forms 
of  adhesive  inflammation,  the  sensitiveness  to  sound  being  in 
inverse  ratio  to  the  amount  of  hearing-power.  Acoustic  h\^er- 
aesthesia  may,  indeed,  coexist  with  almost  absolute  deafness,  and 
may  then  cause  distress,  spasmodic  movements,  confusion  of  ideas, 
and  nervous  excitement.  The  sensitiveness  is  sometimes  remark- 
ably displayed  towards  particular  sounds — ej/.,  the  human  voice : 
and  when  this  peculiarity  accompanies  severe  deafness,  the  use 
of  a  speaking-tube  becomes  impossible.    Temporary  hyperjesthesia 
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lias  been  observed  after  the  removal  of  an  obstacle  to  the  con- 
■duction  of  sound — ejj.,  a  plug  of  wax.  Unpleasant  sensations 
niav  likewise  be  caused  b}^  sounds,  in  the  absence  of  increased 
irritability  of  the  auditory  nerve.  Instances  of  this  kind  are  due  to 
lesions  of  the  sound-conducting  apparatus.  Thus,  peripheral 
paralysis  of  the  facial  nerve  involves  the  stapedius  muscle,  which 
counteracts  the  tensor  tjmipani,  and  the  result  is  increased  tension 
of  the  membrane  and  loudness  of  sounds. 

In  a  peculiar  form  of  acoustic  hypersesthesia  there  is  a  long- 
continued  after-sensation ;  sometimes  this  is  so  closely  connected 
with  the  original  tone  that  both  appear  to  be  continuous.  There 
are  also  some  after-sensations,  where  a  pause  intervenes  between 
the  end  of  the  objective  and  the  beginning  of  the  subjective 
tone.  The  latter  may  last  for  a  considerable  time  ;  thus  in  a  case 
of  chronic  middle-ear  catarrh,  recorded  by  Urbantschitsch,  the 
notes  of  a  piano  were  heard  many  hours  after  the  music  had 
stopped.  The  ticking  of  a  watch  is  not  infrequently  heard 
several  seconds  after  the  instrument  has  been  removed,  and  in 
one  case  recorded  by  the  same  author  the  sensation  was  prolonged 
for  several  minutes. 

Xeiiralgia  of  tlte  ear,  properly  so-called,  must  be  distinguished 
from  those  conditions  in  which  auditor}'  sensations  are  accom- 
panied by  discomfort  and  pain  (see  p.  570).  In  nervous  otalgia  the 
pain  comes  on  spontaneously,  and  is  unaccompanied  by  any  local 
changes  in  the  auditory  apparatus.  The  diagnosis  is  made  chiefly 
l>er  viam  exclusionis.  There  is  no  abnormality  in  the  function  of 
hearing,  and  subjective  sensations  are  absent.  In  such  cases  it 
is  assumed  that  the  neuralgia  is  located  in  certain  branches  of 
the  third  division  of  the  fifth  nerve,  or  in  the  tympanic  plexus. 
It  is  sometimes  cured  by  the  extraction  of  carious  teeth,  and 
by  the  removal  of  neuromata  from  the  neighbourhood  of  the 
ear. 

In  one  form  of  auditory  hyperassthesia,  the  so-called  hyper- 
OjCusis  of  Willis,  a  definite  sound  is  heard  better  during  a  noise. 
This  condition  was  once  supposed  to  be  merely  imaginary,  or,  at 
least,  to  be  due  to  the  general  elevation  of  the  voice  which  is 
•spontaneously  assumed  during  a  noise ;  but  it  has  a  real  existence. 
Those  who  are  the  subjects  of  this  condition  are  found  to  hear  the 
ticking  of  a  watch  better  when  travelling  in  a  train,  or  when  near 
machiner}'  in  action.     The  explanation  of  this  phenomenon  is  not 
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altogether  clear ;  but.  as  a  matter  of  fact,  the  perceptive  power  of" 
the  organ  of  hearing  is  increased  by  every  aj)propriate  stimulus, 
and  the  ear,  after  a  time,  becomes  able  to  perceive  the  effects  of 
vibrations,  which  alone  would  have  been  insufficient  to  excite  it. 
According   to   another   theory,   the   change  is  due   to   increased 
mobility  of  the   ossicles   and   loosening  of  bands  of  connectiv» 
tissue.      The    increase    of    power   is    only    transient,    and.    after 
removal  of  the  cause,  the  perceptive  faculty  relapses  to  its  fonnei 
state.      The  phenomenon  occurs  in  persons  with  sound  hearing 
and  in  those  who  are  more  or  less  deaf.     It  is  noticed  that  in 
projjortion  to  the  loss  of  power  the  noise  required  to  excite  the 
nerve  must  be  of  corresponding  intensity. 

Tliis  form  of  hA-peracusis  is  apt  to  be  manifested  only  under 
certain  conditions,  and  is  not  observed  when  the  sound  which 
stimulates  the  perceptive  faculty  produces  only  a  weak  effect. 
It  would  seem  that  different  tests  are  required  for  h}-peracusis  in 
different  cases,  and  that  a  noise  which  raises  the  perceptive 
faculty  of  one  deaf  person,  or  for  one  ear.  is  too  intense  for 
another,  and  may.  indeed,  have  quite  a  contrary  effect.  Tlius 
it  occasionally  happens  that  a  deaf  person  hears  conversation 
during  a  noise  better  than  another  with  full  hearing-power :  in 
the  latter  case,  the  louder  sound  masks  the  voice  altogether. 

Acoustic  Anaesthesia  is  a  condition  in  which  the  function 
of  the  auditory  nerve  is  impaired  or  abolished.  The  cause  of  the 
alteration  may  be  either  in  the  peripheral  parts  of  the  auditon- 
apparatus.  in  the  trunk  of  the  nerve,  or  in  the  nervous  centres  : 
the  exact  localisation  of  the  mischief  is  often  verA*  difficult  and 
sometimes  impossible.  There  is.  for  example,  often  much  doubi 
as  to  the  origin  of  unilateral  or  bilateral  nervous  deafness  (either 
partial  or  complete),  which  is  apt  to  come  on  after  injuries  to  the 
skull  (severe  concussion,  fracture  at  the  base  or  posterior  part). 
and  when  associated  with  SAnnptoms  of  organic  cerebral  disorder, 
or  Avith  meningeal  disease,  especially  cerebro-spinal  meningitis. 
The  same  may  be  said  of  nervous  deafness  after  acute  infectious 
diseases,  though  such  a  sequela  may  generally  be  referred  t<> 
meningeal  complications.  In  such  cases  the  aural  affection  i> 
generally  bilateral,  and  the  prognosis  is  unfaAOurable.  Little  is 
knoAvn  as  to  the  origination  of  deafness  in  cases  of  neurasthenia. 
or  of  the  condition  which  underlies  the  impairment  of  hearing 
sometimes  produced  by  lead  and  quinine.      In  the   latter  cases 
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the  loss  of  function  is  seldom  very  marked;  subjective  audit oiy 
sensations  are  generally  much  more  prominent  symptoms. 

In  cases  of  neurasthenia,  disorders  of  hearing  may  be  asso- 
ciated with  hemianaesthesia  and  other  e\'idences  of  nervous 
derangement,  or  may  constitute  the  onh'  symptom  of  perversion 
or  loss  of  sensation.  The  disorder  generally  takes  the  form  of 
anaesthesia,  which  may  be  either  complete  or  incomplete,  and 
may  exist  on  one  or  both  sides ;  it  is  often  accompanied  by 
subjective  sensations  of  various  kinds  and  degrees  of  intensit}'. 
Giddiness  is  seldom  complained  of.  and,  in  cases  of  hemianeesthesia^ 
evidences  of  middle-ear  disease  are  usually  absent ;  but  the 
entrance  of  air  into  the  tympanum  is  not  felt,  and  touching  the 
membrane  causes  no  sensation. 

When  the  acoustic  anaesthesia  occurs  alone  and  affects  only 
one  ear,  there  is  sometimes  hj-perfesthesia  on  the  opposite  side. 
This  latter  condition  may  precede  the  impairment  of  hearing,  as 
in  a  case  recorded  by  Dr.  Fulton.*  The  anaesthesia  is  not  in- 
frequently accompanied  by  some  slight  lesion  of  the  middle  ear, 
discoverable  only  on  careful  examination,  and  not  of  itself  sufficient 
to  account  for  the  impairment  of  function.  Bone-conduction  is 
usually  more  or  less  interfered  with,  and  sometimes  altogether 
abolished.  The  anaesthesia  is  liable  to  vary  from  day  to  day,  and 
may  entirely  disappear  during  longer  or  shorter  periods.  It  may 
be  that  on  one  day  loud  shouts  are  almost  inaudible ;  whereas 
a  few  days  later  the  tick  of  a  watch  is  distinctly  heard.  Some 
patients  assert  that  they  cannot  hear  whispers,  though  other 
sounds  are  clearly  distinguished. 

In  girls  auditory  anaesthesia  sometimes  coincides  with  the 
first  appearance  of  menstruation,  and  with  disorders  of  this 
function.  In  a  few  cases  of  undoubted  neurosis  escape  of  blood' 
from  the  auditory  meatus  has  been  declared  to  occur  during  the 
menstrual  periods.  In  connection  with  the  alleged  occurrence  of 
this  phenomenon,  the  following  case  would  seem  to  deserve 
mention: — In  Mav.  1893.  a  o-irl.  ao-ed  twentv,  was  brouo-ht  from 
a  Home  for  Fallen  Women  to  the  Aural  Department  of  the  London 
Hospital,  witli  the  statement  that  she  was  liable  to  haemorrhage- 
from  the  auditory  meatus  on  both  sides.  The  matron,  who  accom- 
panied her,  told  me  that  the  girl  stated  that  she  had  been  seduced 
and  had  left  her  child  in  the  country.  On  subsequent  examination^ 
*  Archives  of  Otology,  vol.  xiv,  p.  111. 
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it  was  found  that  she  had  a  virgin  os  uteri,  and  presented  no  signs 
whatever  of  having  been  pregnant.  The  membrana  tympani  and 
the  deeper  parts  were  quite  normal,  and  the  lia?morrhage  was  repre- 
sented by  dried  blood  in  the  outer  part  of  the  meatus.  As  there 
was  no  visible  cause  for  the  alleged  bleeding  from  the  ears,  the 
patient  was  admitted  into  the  hospital,  and  carefully  watched. 
No  bleeding  could  be  detected  while  the  girl  was  thus  under 
observation.  There  was  no  doubt  as  to  the  falsity  of  the  state- 
ment regarding  the  pregnancy,  and  a  similar  explanation  of  the 
-aural  haemorrhage  was  quite  justifiable.  Other  cases  ma}' 
doubtless  be  explained  in  a  like  manner. 

Anaesthesia  of  the  auditory  nerve  is  sometimes  associated 
^vith  loss  or  perversion  of  other  special  sensations — e.rf.,  of  smell, 
taste,  and  vision,  and  with  attacks  of  vertigo,  headache,  and 
epileptiform  convulsions.  Symptoms  of  this  kind  are  not  confined 
to  females  ;  thev  sometimes  occur  amono-  bovs  and  vouno-  men. 

The  diagnosis  is  for  the  most  part  easih^  made,  inasmuch  as 
other  and  more  common  symptoms  of  neurasthenia  generally 
co-exist.  The  suddenness  with  which  the  deafness  is  apt  tp  come 
on  and  pass  off  would  disprove  the  existence  of  organic  lesions. 
Excitement  and  fatigue  usually  aggravate  the  deafness,  while  the 
opposite  effect  is  produced  by  rest  and  tonic  treatment  of  various 
kinds. 

General  and  severe  debility,  due  to  a  great  variety  of  causes, 
is  sometimes  attended  b}'  loss  or  impairment  of  hearing-power. 
Thus  patients  convalescing  from  pneumonia  and  intermittent 
fevers  are  sometimes  more  or  less  deaf  until  their  strength  has 
become  established.  Sexual  excesses  and  the  immoderate  use  ot 
alcohol  and  tobacco  are  other  causes  of  nervous  deafness ;  and  this 
symptom  has  been  known  to  come  on  suddenly  during  great 
mental  excitement  and  after  severe  haemorrhage.  Fatigue  of  the 
auditory  nerves,  as  a  consequence  of  long-continued  exposure 
to  monotonous  sounds,  is  a  not  infrequent  cause  of  impairment  of 
hearinof :  instances  of  this  character  are  sometimes  seen  in  ene^ine- 
drivers,  smiths,  coopers,  and  boiler-makers.  In  the  case  of  engine- 
drivers,  good  hearing-power  is  almost  as  important  as  perfect 
vision.  It  is  a  mistake  to  suppose  that  so  long  as  such  men  can 
hear  a  conversation  in  ordinary  voice  there  can  be  no  dangerous 
impairment  of  hearing.  Other  sounds  besides  those  of  a  whistle 
and  a  fog-signal  ofteni  give  important  warning  to  a  driver.     An 
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unusual  sound  may  be  the  first  intimation  that  some  portion 
of  the  machinery  has  broken  down  or  is  out  of  order,  and  this 
mioht  pass  unnoticed  by  a  man  with  a  slight  defect  of  hearing. 
So,  too,  the  signal  by  which  the  guard  can  communicate  with  the 
driver  might  remain  unheeded.  Dr.  Hartmann  alludes  to  the 
fact  that  an  engine-driver,  who  already  hears  badly,  is  liable  to 
hear  much  worse  after  having  made  a  long  journey,  and  recovers 
the  loss  only  after  rest. 

In  these  cases  of  defective  hearing  due  to  occupations  both 
cars  are  usually  affected  ;  and  in  some  a  disorder  of  the  middle 
car  is  superadded  to  that  of  the  labyrinth.  As  a  general  rule, 
however,  the  symptoms  are  due  to  changes  in  the  internal  ear. 
They  consist  in  impairment  of  hearing,  subjective  sensations,  and 
sometimes  in  disorder  of  equilibrium. 

Habermann*  examined  thirt3'-one  chain-workers,  and  found 
that  all  were  more  or  less  deaf.  In  a  few  cases  there  was  some 
affection  of  the  middle  ear  ;  and  in  these  persons,  the  hearing- 
po^^■er  was  proportionately  greater,  the  obstacle  to  conduction 
appeared  to  protect  the  labyrinth  from  the  effects  of  loud  sounds. 
Dr.  Barr  examined  100  chain-workers  who  had  been  thus  occu- 
pied on  an  average  for  seventeen  and  a-half  years.  He  found  that 
fifty-nine  could  not  hear  whispers  ;  thirty-three  could  hear  them 
with  both  ears,  and  eight  with  one  ear.  Loud  talking  was 
inaudible  to  thirteen  ;  ten  could  hear  it  only  on  one  side,  and 
seventeen  on  both  sides  at  about  a  yard  off.  In  these  and  similar 
cases  the  impairment  increases  as  time  goes  on  ;  and  in  some 
patients  the  complaint  is  observed  to  grow  worse  even  after  they 
have  given  up  work.  In  several  classes  of  sufferers  various  other 
circumstances  assist  in  producing  and  aggravating  the  complaint. 
Among  these  the  most  important  are :  atmospheric  changes, 
exposure  to  cold  and  damp,  dust,  and  particles  of  various  kinds 
which  irritate  the  naso-pharynx.  Engine-drivers  and  stokers  are 
obviously  exposed  to  the  action  of  all  these  causes. f  Few  escape, 
after  from  live  to  ten  years  of  service. 

In  all  cases  of  nervous  deafness  loss  of  bone-conduction  will 
be  superadded  to  the  impairment  of  hearing  ordinarj^  sonorous 
vibrations.     The  anaesthesia  is  sometimes  partial,  in  so  far  as  it 

*  Archil' fur  Ohrenlieilhinde,  vol.  xxx.  p.  1. 

t  See  a  Paper  on  "Railroad  Accidents  in  connection  with  Bad  Hearing  of 
Engine-Drivers,"  by  Dr.  Moos,  of  Heidelberg. — Archives  of  Oiolofjij,  vol.  xi.  p.  91. 
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relates  to  certain  sounds  or  notes  ;  thus  a  tune  may  be  heard 
perfectly,  while  the  patient  is  decidedly  deaf  to  conversation  and 
common  noises.  Sometimes  an  opposite  condition  is  discoverable, 
and  very  curious  differences  of  this  kind  are  occasionally  noticed 
in  different  patients  and  in  the  same  patient  at  different  times. 
Thus  some  hear  speech  far  better  than  any  other  sound ; 
while  others  who  can  detect  some  peculiar  sound,  such  as  the 
ticking  of  a  watch,  are  comparatively  deaf  to  all  others.  In 
connection  with  these  cases,  Urbantschitsch  suggests  that  each 
root  of  the  auditory  nerve  may  possess  a  different  functional 
importance.  This  hypothesis  would  serve  to  explain  the  fact  that 
under  certain  pathological  conditions,  the  hearing-power  for 
articulate  speech  remains  intact,  whereas  rh}i:hmical  sounds  are 
imperfectly  heard.  Many  persons  decidedly  deaf  find  that  there 
is  a  marked  improvement  ^^•llen  the  sound  comes  from  a  certain 
direction ;  some  instances  are  described  in  which  the  patients 
heard  fairly  well  only  when  words  were  uttered  immediately 
behind  them. 

In  one  form  of  nervous  deafness  certain  notes,  or  perhaps  an 
entire  octave,  are  lost:  or  it  may  happen  that  the  want  of  perception 
extends  to  high  and  low  notes  at  the  ends  of  the  scale.  In  elderly 
persons  high  notes  are  often  lost,  and  the  same  symptom  is  not 
infrequent  in  connection  with  various  labyrinthine  disorders.  Dr. 
Wollaston  recorded  a  case  in  which  the  deafness  involved  four 
octaves ;  he  also  alludes  to  the  frequency  of  deafness  for  high 
notes,  such  as  the  chirping  of  a  cricket,  and  states  that  the  loss  of 
perceptive  power  is  sometimes  very  sharply  defined.  These  cases 
of  deafness  for  certain  sounds  are  explained  by  the  hypothesis 
that  separate  portions  of  the  membrana  basilaris  are  adapted  for 
the  perception  of  certain  notes  ;  though  the  possibility  of  central 
lesions  must  be  borne  in  mind.  Similar  effects  may  be  pro- 
duced by  obstacles  to  sound-conduction  ;  for  these  do  not 
invariably  affect  all  notes,  but  sometimes  different  notes  in 
different  degrees. 

Closely  allied  to  nervous  deafness  is  the  condition  termed 
*' paracusis  loci,*'  in  which  the  facidty  of  distinguishing  the 
direction  whence  sounds  come  is  impaired  or  abolished.  The 
anomaly  is  associated  with  deafness  on  one  or  both  sides,  and 
is  due  to  the  fact  that  sounds  are  referred  to  the  side  on  which 
thev    are    best    heard.     AYlien   the    deafness   is    bilateral    it    is 
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necessary  that  the  loss  should  be  more  marked  on  one  side  than 
on  the  other. 

Subjective  Auditory  Sensations  are  those  which  occur  in  the 
absence  of  any  demonstrable  objective  cause.  Tliey  are  due 
either  to  the  existence  of  some  pathological  process  in  the 
sound-conducting  apparatus,  or  to  some  affection  of  the  auditoiy 
nerve  or  nerve-centres.  Deafness  is  not  an  invariable  accom- 
paniment, but  is  present  in  many  cases. 

Subjective  auditory  sensations  differ  greatly  in  quality :  and  a 
large  number  of  terms  are  used  by  patients  in  attempting  to 
describe  them.  Thus  they  are  spoken  of  as  ringing,  whistling, 
sino-ino-  whizzinof  buzzino-.  roarino-.  bubblino-.  crackling,  etc. 
Sometimes  several  sounds  are  heard,  either  together  or  con- 
secutively, in  the  same  ear.  Their  quality  is  no  guide  as  to  their 
source  ;  the  weaker  they  are  the  lower  is  the  pitch,  and  the  more 
they  resemble  a  diffused  dull  noise.  On  the  other  hand,  ^^■ith 
increased  loudness  the  higher  is  the  pitch,  and  the  sound  more 
and  more  resembles  a  musical  note.  The  sensations  vary  much 
in  streng-th  :  sometimes  they  are  very  slight  and  not  noticed  when 
the  patient's  attention  is  in  any  way  distracted ;  in  other  cases,  they 
are  so  pronounced  as  to  make  the  patient  utterly  miserable  and 
unfit  for  the  duties  of  life,  and  even  to  cause  melancholia  and 
suicide.  A  vast  number  of  degrees  exist  between  these  extremes ; 
many  sufferers  get  accustomed  to  the  sounds,  and  are  but  little 
incommoded  by  them. 

The  character  and  intensit}-  of  the  sounds  are  apt  to  vary  from 
time  to  time,  sometimes  without  apparent  cause,  sometimes  as  a 
result  of  changes  in  the  condition  of  the  ear,  or  in  external 
circumstances.  Thus  the  noises  are  generally  more  troublesome 
when  any  existing  catarrh  of  the  tympanum  or  throat  becomes 
exaggerated,  in  damp  weather,  after  exposure  to  cold,  after  a 
-leepless  night  and  as  a  result  of  indigestion.  In  some  patients 
thev  are  worse  in  the  mornino-  •  in  others,  after  the  fatio-ues  of 
the  day. 

There  is  a  remarkable  peculiarity  connected  with  subjective 
auditory  sensations,  viz.,  that  sometimes  they  appear  to  originate 
external  to  the  ear  and  at  various  distances  from  it ;  in  other 
cases,  their  source  appears  to  be  situated  within  the  cranium.  In 
the  latter  case,  the  sound  may  appear  to  proceed  from  every  part 
of  the    head,    or    only   from    certain    spots ;    in    another   class  of 
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suft'erers  there  is  a  continuous  noise  within  the  cranium,  with 
the  occasional  or  frequent  addition  of  louder  sounds,  resembling- 
explosions.  It  must  be  remembered  that  t\'hen  the  auditory 
nerve  is  phj'siologicalh'  excited,  the  resulting  sensation  of  sound 
is  referred  to  some  external  object.  The  same  idea  is  formed 
when  the  excitement  is  due  to  some  pathological  cause;  but  the 
patient  after  a  time  discovers  the  mistake,  and  becomes  conscious 
that  the  sound  really  originates  in  the  ear  or  in  some  other  part  of 
the  head. 

The  sound  may  be  heard  by  one  or  both  ears  ;  in  the  latter 
case  the  source  of  the  sensation  appears  to  be  in  the  head,  either 
in  the  middle,  fore,  or  back  part  of  it,  provided  that  both  ears  are 
equally  affected.  If  the  sensation  be  more  acute  on  one  side  than 
on  the  other,  the  sound  will  seem  to  originate  nearest  to  the  ear 
which  is  most  affected.  When,  as  sometimes  happens,  the  in- 
tensity of  the  sound  varies  from  time  to  time,  the  idea  as  to  its 
source  of  origin  will  likewise  change.  Very  feeble  sounds-  usually 
seem  to  originate  within  the  ear. 

Causes. — For  the  production  of  subjective  auditory  sensations^ 
some  pathological  condition  of  the  sound-conducting  or  sound- 
perceiving  apparatus  must  necessarily  exist.  With  regard  to  the 
former,  subjective  sensations  are  one  of  the  most  prominent  sym- 
ptoms of  adhesive  inflammation  of  the  middle  ear,  the  drawing* 
inwards  of  the  base  of  the  stapes  being  the  immediate  cause. 
The  same  result  ensues  when  the  membrana  tympani  and  the 
chain  of  ossicles  are  forced  inwards,  when  the  air  in  the  middle 
ear  is  rarefied,  and  when  there  is  increased  action  of  the  tensor 
tympani  muscle,  or  retraction  of  the  tendon  of  the  stapedius. 

Pathological  changes  in  the  cochlea  and  in  the  auditory  nerve- 
centres  are  capable  of  giving  rise  to  subjective  sensations  of 
hearing.  Thus  the  latter  often  occur  in  cases  of  anaemia  and 
chlorosis,  after  severe  losses  of  blood,  and  in  the  opposite  con- 
ditions of  hyperjemia  and  cerebral  congestion.  Inflammation  of 
the  brain  and  cerebral  tumours  are  often  accompanied  by  marked 
subjective  auditory  sensations.  Full  doses  of  certain  drugs — e.g., 
quinine  and  salicine — are  apt  to  affect  the  hearing  and  to  excite 
subjective  noises,  as  of  bells  ringing  in  the  ears.  The  sense  of 
hearing  is  sometimes  decidedly  impaired  for  several  hours  or  days; 
but  the  effects  usually  pass  off"  soon  after  the  medicine  has  been 
discontinued.     Galvanism   applied  so    as    to    excite    the    auditory 
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nerve  always  causes  a  sensation  of  sound.  In  some  cases  the 
noises  are  heard  onlj  in  certain  positions  of  the  head  :  they  are 
often  more  distinct  when  the  patient  is  Ij^ing  down. 

Noises  in  the  ears  are  sometimes  of  reflex  origin,  and  are 
excited  by  impressions  made  upon  various  parts  of  the  body.  In 
other  cases,  they  are  either  increased  or  lessened  by  friction  or 
irritation  of  other  parts.  Thus,  Tiirck  recorded  a  case  in  which 
pressure  on  the  forehead  and  face  generally,  and  likewise  on  the 
tongue  and  hard  palate,  resulted  in  considerable  diminution  of  the 
intensity  of  the  sounds.  Some  portion  of  the  effect  may  have 
been  due  to  the  distraction  of  the  patient's  attention.  On  the 
other  hand,  Gruber  mentions  cases  in  which  the  noises  could  be 
increased  by  slight  irritation  of  parts  supplied  by  the  fifth  nerve — 
e.g.,  by  slightly  rubbing  the  surface  of  the  cheek.  Moos  men- 
tions the  case  of  a  woman  who  was  conscious  of  noises  in  her  left 
ear  whenever  she  attempted  to  wear  a  2jince-nez.  She  was  advised 
to  try  spectacles,  and  found  that  they  did  not  produce  any  un- 
pleasant effect.  The  cause  is  sometimes  to  be  found  in  the  nasal 
mucous  membrane.  Urbantschitsch  has  met  with  two  cases  in 
which  subjective  auditor}^  sensations  completely  ceased  after  the 
application  of  caustic  to  the  swollen  mucous  membrane  covering- 
the  inferior  and  middle  turbinate  bones.  Neuralgia  of  the  fifth 
pair  is  sometimes  accompanied  by  noises  in  the  ears  and  deafness ; 
and  such  symptoms  are  not  necessarily  of  central  origin,  but  may 
be  due  to  reflex  contraction  of  the  tensor  tympani  muscle.  In  a 
case  recorded  by  Weber-Liel,  attacks  of  migraine  were  always 
associated  with  deafness  and  tinnitus ;  but  these  symptoms 
altogether  ceased  after  division  of  the  tendon  of  the  tensor 
tympani.  Cases  due  to  impressions  made  upon  nerves  other 
than  the  fifth  pair  are  very  uncommon.  It  is,  however,  stated 
that  exposure  of  the  feet  to  cold  and  irritation  of  branches  of 
the  sciatic  nerve  have  been  known  to  cause  or  ao'o-ravate  sub- 
jective  aural  sensations. 

It  is  generally  considered  that  a  condition  of  excitement  of 
the  auditory  nerve  is  the  basis  of  these  subjective  sensations  ; 
but  Urbantschitsch  points  out  that  in  some  instances  these 
sensations  must  be  connected  with  diminished  function  of  the 
nerve,  and  that  they  are  increased  in  proportion  to  such  diminu- 
tion. The  fact  that  subjective  auditory  sensations  may  continue 
without    change    for   months    or   years,    without   exhausting   the 
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supposed  stimulus  which  provokes  them,  makes  the  hypothesis 
of  irritalion  some^\•llat  doubtful.  It  is  no  doubt  true  that  such  a 
condition  of  the  auditory  nerve  or  centres  is  the  general  cause  of 
the  sensations  ;  but  other  influences  may  co-operate  in  the  pro- 
duction of  the  result.  It  is  a  well-ascertained  fact  that  in  some 
cases  the  noises  may  be  made  to  cease  by  listening  to  external 
sounds ;  but  this  experience  is  not  universal.  On  the  other  hand, 
in  some  instances  the  subjective  sounds  are  intensified  in  the 
presence  of  other  noises,  and  this  result  may  be  explained  by 
supposing  that  fatigue  of  the  nerve-centres  has  resulted  from 
their  excitement.  Another  variation  is  occasionally  noticed,  viz.. 
the  production  of  a  subjective  auditory  sensation  by  an  external 
sound.  Some  patients  are  free  from  any  trouble  of  the  kind  so 
long  as  silence  reigns  around  them  ;  but  the  least  noise  provokes 
the  peculiar  sensations,  which  then  continue  indefinitely. 

In  some  patients  the  sounds  are  only  occasionally  noticed  :  in 
others  they  are  always  present,  though  liable  to  variations  in 
intensity.  In  the  former  class  the  sounds  may  trouble  the  patient 
either  at  definite  or  indefinite  intervals,  and  sometimes  the 
periodicity  is  maintained  during  months  or  years.  Tlie  noises  are 
sometimes  associated  with  discharges  from  the  ear  and  other 
symptoms  of  otitis,  which  likewise  assumes  an  intermittent 
character.  In  another  class  of  cases  the  auditory  sensations  are 
associated  with  severe  coryza.  of  an  intermittent  character,  and 
for  which  the  inhalation  of  two  or  three  drops  of  amyl  nitrite 
proves  a  very  efficient  remedy. 

The  continuous  subjective  auditory  sensations  may  be  deve- 
loped either  gradually  or  suddenly ;  in  some  patients  the  noises 
are  at  first  irregularly  intermittent,  and  afterwards  become  con- 
tinuous. Even  when  this  latter  stage  has  been  reached,  exacer- 
bf^tions  are  wont  to  occur,  and  the  intensity  of  the  sounds  is 
generally  influenced  by  such  conditions  as  the  general  health  of 
the  patient,  the  state  of  the  weather,  etc.  The  noises  are  always 
more  troublesome  if  the  patient  becomes  weak  and  depressed 
from  any  cause,  and  especially  from  want  of  sleep.  The  state  of 
the  organs  of  digestion  exercises  a  decided  influence  in  many 
cases ;  in  some  patients  the  noises  are  made  worse  by  a  little 
alcohol ;  in  others  an  opposite  result  is  experienced.  External 
noises  are  sometimes  sufficient  to  mask  the  subjective  sensations, 
which  then  become  noticeable  onlv  at  ni^ht. 
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It  is  necessary  to  distinguish  between  subjective  sensaticns 
proper  and  the  so-called  ''entotic"  noises,  which  originate  in  the 
middle  ear  or  adjacent  parts,  and  are  transmitted  to  the  labyrinth. 
These  noises  are  often  caused  by  the  condition  of  the  blood- 
vessels, and  anomalies  in  the  circulation  in  the  small  arteries 
supplj^ing  the  ear.  In  some  cases  murmurs  originating  in  the 
internal  jugular  vein  are  transmitted  in  an  upward  direction,  and 
become  clearly  audible  :  the  sound  ceases,  however,  when  pressure 
is  made  upon  the  vein  in  the  upper  part  of  the  neck.  It  has  been 
suggested  that  an  enlarged  jugular  fossa  may  be  the  source  of 
origin  of  an  entotic  murmur  ;  the  opening  of  the  lateral  sinus 
into  the  fossa  is  often  very  narrow,  and  increased  rapidity  of  the 
blood-current  may  cause  a  bellows-sound.  Hyperaemia  of  the 
tympanic  vessels,  and  especially  of  those  of  the  malleus,  may 
cause  vibrations  of  the  ossicles,  and  consequent  sensations  of 
sound  ;  noises  due  to  this  cause  ought,  however,  to  cease  when 
the  jaws  are  firmly  closed,  inasmuch  as  the  tympanic  artery  is 
thereb}'  compressed  as  it  enters  the  Glaserian  fissure.  A'alvular 
diseases  of  the  heart  not  infrequenth'  give  rise  to  entotic  sounds. 
The  latter  sometimes  originate  in  close  proximity  to  the  laby- 
rinth ;  thus  they  may  arise  from  contraction  of  the  muscles, 
either  the  tensor  tympani  or  stapedius,  from  collections  of  secre- 
tion in  the  tympanum,  and  from  movements  of  the  membrane 
or  of  the  walls  of  the  Eustachian  tubes.  The  perception  of  these 
noises  is  favoured  by  increased  sensitiveness  of  the  auditory 
nerve,  and  bj^  anj'thing  which  increases  the  resonance  within  the 
ear,  such  as  closure  of  the  meatus.  Sometimes  these  entotic 
noises  are  so  loud  that  they  can  be  distinctly-  heard  by  others, 
and  they  are  then  termed  "  objectiveh'  perceivable."  Among 
such  sounds  may  be  mentioned  a  cracking  noise  in  the  maxillary 
articulation,  produced  by  traction  of  the  muscles  on  the  Eusta- 
chian tube. 

Subjective  auditory  sensations  are  often  very  important  sym- 
ptoms :  they  are  liable  to  exercise  a  marked  influence  on  the 
health  and  spirits  of  the  patient,  and  are  often  associated  with 
other  symptoms  of  aural  disease.  More  or  less  deafness  is  the 
usual  accompaniment,  and  its  development  sometimes  precedes 
and  sometimes  follows  that  of  the  tinnitus.  There  is,  however, 
no  necessary  correspondence  between  the  intensities  of  the  two 
symptoms ;  severe  deafness  may  be  associated  with  slight  tinnitus, 
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and  indeed  may  exist  witliout  any  trace  uf  the  latter.  Moreover, 
in  some  cases  in  wliicli  the  two  are  associated,  the  deafness 
eventually  becomes  complete,  while  the  tinnitus  altogether  ceases, 
and  this  result  may  be  attributed  to  decided  anaesthesia  of  the 
auditory  nerve.  If,  in  such  a  case,  the  hearing  be  improved  bv 
treatment,  the  tinnitus  may  return,  and  the  trouble  it  causes  ma^' 
outweigh  the  relief  in  the  other  direction. 

It  is  not  always  possible  to  decide  whether  the  sounds  ar  • 
subjective  or  entotic.  If  they  are  audible  to  a  bystander  thert- 
is,  of  course,  no  doubt  as  to  their  origin.  In  like  manner,  if  the 
sounds  can  be  made  to  cease  by  compressing  the  carotid  artery  or 
jugular  vein,  they  belong  to  the  category  of  entotic  noises. 
Sounds  which  are  due  to  disorders  of  the  tympanum  are  apt  to 
vary  in  intensity  and  quality  from  time  to  time,  the^  changes 
depending  upon  improvements  or  exacerbations  of  the  aural 
disease.  Sounds  depending  on  the  presence  of  foreign  bodies — 
e.r/.,  plugs  of  cerumen — generally  subside  after  removal  of  the 
latter,  unless  various  changes  have  been  set  up,  and  which  lequire 
some  time  for  their  disappearance.  Subjective  sensations,  coming 
on  suddenly,  and  of  a  decided  character,  depend  for  the  most  part 
upon  some  affection  of  the  labyrinth,  and  especially  of  the  cochlea, 
or  upon  some  central  lesion ;  they  may,  however,  be  due  to  sudden 
effusion  into  the  tympanum.  AVhen  the  subjective  sensations 
occur  in  persons  presenting  signs  of  nervous  or  mental  disorder, 
they  are  presumably  referable  to  some  central  affection  of  the 
auditory   nerve. 

It  must  be  remembered  that  in  some  cases  the  noises  are  due 
to  movements  which  the  persons  have  acquired  the  habit  of 
making,  and  which  in  the  course  of  time  occur  almost  involun- 
tarily. Thus  some  children  amuse  themselves  by  producing 
noises  in  the  throat  by  rapidly  contracting  the  muscles  of  the  sott 
palate.  Adults  have  been  known  to  fall  into  the  same  habit  from 
practising  movements  for  the  relief  of  disagreeable  sensations  in 
the  upper  part  of  the  pharynx  ;  and  when  this  habit  has  been 
acquired,  the  muscles  are  apt  to  contract  spontaneously.  The 
diagnosis  is  not  difficult,  inasmuch  as  the  contractions  and  accom- 
panying noises  cease  when  the  patient  makes  an  effort  for  that 
purpose. 

In  some  cases  the  patients  state  that  the  sounds  they  hear  are 
those  of  human  voices  or  of  the  cries  of  animals,  and  sometimes 
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words  or  sentences  are  declared  to  be  distinctly  perceived.  Such 
a  symptom  is  not  uncommon  in  insane  patients,  but  it  also  occurs 
in  persons  in  good  mental  condition.  Prof.  Huxley  relates  that 
"  in  reading  books  written  by  persons  with  whom  I  am  acquainted, 
I  am  sometimes  tormented  by  hearing  words  pronounced  in  the 
exact  way  in  which  these  persons  would  utter  them,  any  trick  or 
peculiarity  of  voice  or  gesture  being  also  very  accurately  repro- 
duced." He  goes  on  to  say  that  he  supposes  '*  that  everyone  must 
have  been  startled,  at  times,  by  the  extreme  distinctness  with 
which  his  thoughts  have  embodied  themselves  in  apparent  voices." 
In  some  of  these  and  similar  cases  there  is  a  delusion  of  the 
senses;  in  others,  a  delusion  of  the  judgment.  These  mistakes 
are  sometimes  made  by  deaf  persons,  who  are  free  from  tinnitus, 
but  misinterpret  various  sounds.  Decided  auditory  hallucinations 
are  sometimes  associated  with  various  pathological  conditions  of 
the  auditory  apparatus,  and  subside  when  these  are  removed. 
Thus  a  plug  of  wax  in  the  ear  may  be  the  real  cause  of  subjective 
sensations,  in  which  cries  resembling  those  of  a  human  being  are 
heard,  and  which  cease  at  once  on  the  removal  of  the  foreign  body. 
That  hallucinations,  however,  may  depend  upon  irritation  of  the 
cortical  centres  is  proved  by  the  fact  that  they  are  sometimes 
present  in  persons  who  are  totally  deaf   to  all  ordinary  sounds. 

In  still  rarer  cases  than  those  hitherto  mentioned,  the  subjec- 
tive sensations  are  those  of  tunes  or  melodies,  and  these  must  be 
classed  among  hallucinations.  Hartmann  mentions  the  case  of  a 
musically  trained  lady,  under  his  care  for  nervous  dulness  of 
hearing  in  a  very  advanced  stage,  and  who  heard  for  a  long  time 
the  most  exquisite  melodies,  mostly  well  known  to  her.  After  a 
time  they  were  confused  together,  so  that  utter  discord  was 
created. 

Prognosis. — The  prognosis  in  cases  of  subjective  auditor}- 
sensations  depends  upon  the  cause  and  upon  the  condition  of  the 
patient  and  the  auditory  apparatus.  If  there  be  chronic  adhesive 
catarrh,  in  all  probability  the  sounds  will  not  be  influenced  by 
any  form  of  treatment.  On  the  other  hand,  if  the  case  be  one  of 
anemia  or  neurasthenia,  much  good  may  often  be  effected  by 
appropriate  measures.  Continuous  noises,  and  sounds  of  a  definite 
character,  are  more  likely  to  be  permanent  than  intermittent  and 
indefinite  sounds.  AVhen,  with  obvious  disease  of  the  t^^mpanum, 
sounds  previously  intermittent  become  continuous,  there  is  reason 
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to  believe  that  the  aural  complaint  has  increased  in  severity.  As 
a  general  rule,  the  prognosis  is  unfavourable  in  proportion  to  the 
intensity  of  the  sensations,  and  the  time  during  which  they  have 
contiinied. 

Treatment. — Our  first  effort  should  be  to  discover  and  to  re- 
mo\  e  the  cause ;  the  patient  should  be  carefully  examined  in  order 
to  detect  any  existing  affection  of  the  ear,  nose  or  throat,  an}- 
disorder  of  the  nervous  sj'stem,  or  any  constitutional  disease. 
Inquiries  should  be  made  into  his  habits  of  life,  diet,  use  of 
alcohol,  cpiantity  of  sleep,  and  other  circumstances  calculated  to 
affect  the  nervous  system.  After  attending  to  all  these  subjects, 
various  special  means  may  be  tried.  Relief  is  often  afforded  by 
inflating  the  middle  ear  through  the  catheter,  and  thus  reducing 
the  intra-labyrinthine  pressure.  Equally  good  results  are  some- 
times obtained  bv  rarefvino-  the  air  in  the  meatus  with  the  aid  of 
Siegel's  speculum  or  Delstanche's  rarefadeur.  The  effects,  though 
often  marked,  usually  subside  more  or  less  rapidly. 

Some  authorities,  notabh^  Politzer  and  Gruber,  recommend 
the  introduction  of  the  vapour  of  chloroform  or  of  ether  into  the 
tympanum  through  the  catheter.  Solutions  of  these  drugs  may 
also  be  tried — e.g.,  a  few  drops  of  such  mixtures  as  ether,  two  to  four 
parts;  glj^cerine  eight  to  twelve  parts;  or  chloroform  and  glycerine 
in  similar  proportions.  The  hydrochlorate  of  cocaine  is  another 
remedy  of  this  character ;  five  to  ten  drops  of  a  6  per  cent, 
solution  may  be  injected  at  intervals  of  three  or  four  days.  Amyl 
nitrite  proves  ver}'  useful  in  some  cases ;  the  patient  should 
inhale  the  vapour  of  two  or  three  drops,  poured  into  a  cone  of 
blotting  paper. 

Local  applications  to  the  meatus  and  neighbourhood  of  the 
ear  are  sometimes  tried,  but  seldom  prove  efficacious.  Morphine, 
iodide  of  potassium,  cocaine,  and  camphor  are  thus  used,  either  in 
the  form  of  ointment  or  in  solution.  The  local  application  of 
sulphuric  ether  sometimes  does  good  ;  it  should  be  mixed  with 
olive  oil  (5  to  15 — 25),  and  either  instilled  into  the  meatus  or 
introduced  on  a  pledget  of  cotton-wool.  It  causes  a  pleasant 
sensation  in  the  ear,  and  often  lessens  the  tinnitus.  If  the 
sensations  are  very  troublesome  at  night  and  prevent  sleep,  the 
subcutaneous  injection  of  morphine  is  likely  to  prove  useful. 

Remedies  administered  internally  often  do  more  good  than 
external   applications  of  any  kind.     The  bromide  of  potassium  is 
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one  of  the  best  remedies  for  subjective  auditory  sensations  occur- 
ring in  nervous,  restless  persons  ;  it  should  be  given  in  full  doses 
of  from  fifteen  to  thirty  grains,  and  in  some  cases  a  combination 
of  chloral  with  the  bromide  acts  very  satisfactorih',  and  much 
better  than  either  drug  alone.  Hydrobromic  acid  will  relieve 
noises  of  a  pulsating  character;  and  in  a  similar  class  of  cases,  and 
for  nervous  subjects,  camphor  is  often  useful.  The  tincture  may 
be  given  internally  in  ordinary  doses.  For  pulsating  sounds, 
connected  with  or  independent  of  heart  disease,  Politzer  recom- 
mends the  tinctures  of  digitalis  and  of  strophanthus,  and  states 
that  he  has  often  witnessed  good  results  from  both  these  remedies. 

Various  tonic  and  anti-spasmodic  remedies  will,  in  some  cases,, 
relieve  or  even  cure  subjective  auditory  sensations.  Strychnine 
is  likely  to  be  useful  whenever  there  are  S3"mptoms  of  nervous 
debility;  it  may  be  used  subcutaneously  or  internally.  Iron  is, 
of  course,  indicated  for  \A'eakly  and  anaemic  subjects  ;  any  of  the 
usual  preparations  ma}'  be  given,  proper  attention  being  at  the 
same  time  paid  to  the  state  of  the  bowels.  Quinine,  if  specially 
indicated  by  any  complication,  must  be  given  with  great  care  ;  it 
often  aggravates  aural  sensations.  When  used  it  should  be 
combined  with  hydrobromic  acid.  Valerian  is  recommended  by 
some  writers  ;  Gruber  has  obtained  very  good  results  from  arnica 
in  nervous  cases ;  he  gives  the  tincture,  in  doses  of  from  five  to 
fifteen  drops,  several  times  daily. 

In  scrofulous  and  syphilitic  subjects  various  combinations  of 
iodine  are  likely  to  be  serviceable ;  weakly  patients  are  to  be 
treated  by  long  courses  of  the  syrup  of  the  iodide  of  iron,  and 
when  the  disease  is  traceable  to  syphilis,  the  iodide  of  potassium 
should  be  given  in  full  doses,  and  continued  for  several  weeks. 
Iodine  ointment  may  at  the  same  time  be  applied  to  the  mastoid 
process,  and  warm  baths  will  aid  the  other  remedies.  Arsenic 
has  been  known  to  relieve  auditory  sensations,  and  the  late  Mr. 
Hinton  strongly  reconniiended  the  chloride  of  ammonium  in  doses 
of  twenty  grains,  three  times  a  day. 

When  there  are  signs  of  cerebral  congestion  purgatives  are 
indicated,  and  salines  are  most  likely  to  be  useful.  In  the  same 
class  of  cases  it  is  sometimes  advisable  to  apply  leeches  from  time 
to  time  to  the  mastoid  process,  or  to  take  a  few  ounces  of  blood 
by  cupping  at  the  back  of  the  neck.  Blisters  (see  page  315)  are 
likely  to  be    advantageous  when  the  symptoms  are   chronic  and 
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of  a  inilcler  character.  Great  care  should  be  paid  to  the  diet, 
mode  of  living,  etc.  Rest  and  cliange  of  air  often  do  good,  and 
materially  assist  the  action  of  the  various  remedies  alread}^  men- 
tioned. 

Electricity  is  sometimes  useful  in  cases  of  tinnitus  aurium  ; 
the  manner  of  application  will  he  described  in  a  succeeding 
chapter.  Only  very  mild  continuous  currents  should  be  employed, 
and  the  sittings  should  occupy  from  ten  to  twenty  minutes  on 
alternate  days. 
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ELECTRICITY  IX  THE  TREATMENT  OF  DISEASES  OF 
THE  EAR. 

Physiological  Action  of  Galvanism  upon  the  Auditory  Nerve — Sounds 
Produced—  Other  Effects,  as  Pain,  Giddiness,  &c. — Brenner's  Experi- 
ments—Duchennes  Method — Benedikt's  Views — Value  of  Electricity 
in  the  Treatment  of  Aural  Diseases — Weber-Liel's  Method — Instru- 
ments used  by  Author. 

The  galvanic  current  is  useful  in  some  forms  of  diseases  of  the 
ear ;  the  faradic  current  is  serviceable  in  a  much  smaller  number 
of  cases.  The  physiological  action  of  galvanism  upon  the  audi- 
tory nerve  has  been  carefully  studied  by  Brenner  and  Erb,  and 
our  present  knowledge  of  this  subject  is  mainly  due  to  these 
observers.  The  results  of  their  investigations  may  be  thus  briefly 
summarised : — When  the  negative  pole  is  applied  to  the  tragus, 
and  the  positive  to  any  other  part  of  the  body,  such  as  the 
opposite  side  of  the  neck  or  the  back  of  the  hand,  a  distinct 
sound  is  heard  when  the  circuit  is  closed ;  this  continues  for 
some  time  and  finally  ceases.  When  the  circuit  is  opened, 
whether  by  removing  the  electrode,  or  by  breaking  the  metallic 
continuity,  no  sound  is  heard.  W^hen  the  positive  pole  is  placed 
on  the  tragus,  and  the  negative  on  the  back  of  the  hand,  no 
sound  is  perceived  when  the  circuit  is  closed,  and  the  result  is 
the  same  while  the  electrodes  remain  in  position ;  but  on  opening 
the  circuit  a  faint  sound  is  heard.  The  subjective  sensations 
consist  of  humming  or  buzzing  sounds  when  the  current  is  of 
slight  force;  but  when  the  latter  is  increased  a  louder  sound  is 
heard.  Some  authorities  state  that  the  loudness  of  the  sound  is 
not    influenced  by  the  strength    of   the   current;    but   that   the 
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i^ound   produced   always  corresponds  with   the  resonance-note   of 
the  sound-conducting  apparatus. 

According  to  Brenner,  the  sound,  whatever  may  be  its  cha- 
racter, is  caused  by  the  galvanic  stimulus  applied  to  the  auditoiy 
nene.  and  is  not  due  to  reflex  action  through  the  trigeminus. 
In  opposition  to  this  view  is  the  fact  that  when  the  cutaneous 
sensibility  is  diminished,  a  stronger  galvanic  cun-ent  is  required 
to  produce  the  auditoiy  sensations;  on  the  other  hand,  when 
there  is  cutaneous  hvperjesthesia.  the  auditory  nerve  reacts  more 
powerfully.  It  has  been  supposed  that  the  sensation  might  be 
caused  by  contraction  of  the  internal  muscles  of  the  ear,  but 
Urbantschitsch  found  that  after  tenotomy  of  the  stapedius  muscle, 
the  stapes  being  quite  isolated,  sounds  were  still  produced  when 
galvanism  was  applied. 

In  order  to  test  the  condition  of  the  auditory  nerve,  the 
negative  pole  is  placed  on  the  tragus,  and  the  positive  on  the 
back  of  the  hand :  a  weak  current  is  then  used,  say  of  three 
elements,  and  if  there  be  no  reaction  A\hen  the  circuit  is  closed, 
the  number  is  increased  till  a  sound  is  heard :  the  number  used 
expresses  the  condition  of  the  nerve.  It  sometimes  happens  that  a 
sound  is  heard  in  the  opposite  ear :  the  latter  is  under  the 
influence  of  the  other  electrode. 

Other  sensations,  besides  those  of  sound,  are  not  infrequently 
produced  by  galvanism  applied  to  the  ear.  In  some  cases  there 
is  severe  pain,  especially  when  a  pointed  electrode  is  used,  and 
on  this  account  a  somewhat  broad  instrument  should  be  chosen. 
The  positive  pole  causes  a  dull,  hea\y  pain,  or  feeling  of  weight 
in  the  ear  ;  the  negative  gives  rise  to  a  sharp  pricking  sensation, 
which  assumes  a  burning  character  in  a  short  time.  Another 
effect  is  contraction  of  some  of  the  facial  muscles,  and  especially 
of  the  orbicularis  palpebrarum,  zygomatici.  corrugator  supercilii, 
occipitalis,  and  sometimes  of  the  ear-muscles,  and  of  those  of  the 
lower  jaw.  These  s^-mptoms  are  most  distinct  when  the  negative 
pole  is  applied  to  the  ear  and  the  circuit  closed.  In  some 
patients  flashes  of  light  appear  before  the  eyes :  in  others 
giddiness  becomes  veiy  troublesome.  Tliis  latter  symptom  is 
most  marked  when  the  electrodes  are  applied  to  the  sides  of  the 
head,  at  points  opposite  to  each  other ;  but  is  less  severe  when 
the  electrodes  are  so  arranged  that  the  cun-ent  is  parallel  to  the 
long  axis  of  the  body.     Tlie  giddiness   is  often   accompanied  by 
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vomiting  and  nausea,  and  may  last  for  many  hours.  Other 
symptoms  less  frequently  noticed  are — swallowing  movements 
when  the  circuit  is  opened  and  closed ;  a  flow  of  saliva ;  cough  ; 
gustatory  sensations ;  and  tingling  or  itching  along  the  side  of 
the  tongue. 

Brenner's  experiments  on  aural  patients  proved  that  the 
condition  of  the  external  and  middle  ear  decidedly  influences  the 
galvanic  reaction.  When  the  external  meatus  is  closed,  galvanism 
applied  to  the  tragus  produces  little  or  no  eflect ;  but  when 
perforation  of  the  membrane  exists,  the  results  are  often  very 
marked.  In  cases  in  which  the  reaction  is  but  slight,  and  is 
produced  with  difficulty,  the  cause  is  ordinarih'  to  be  found  in 
some  obstacle  to  conduction,  and  not  in  an}'  peculiar  condition  of 
the  auditor}'  nerve  itself;  the  latter  is,  indeed,  under  such  circum- 
stances more  often  in  a  state  of  increased  irritability.  Simple 
hyperjesthesia  is  evinced  by  the  longer  continuance  of  the 
sensation  and  the  ease  with  which  it  is  produced  ;  in  marked 
cases  it  is  sufficient  to  apply  the  electrode  at  some  little  distance 
from  the  tragus.  Diminished  galvanic  irritability  is  shown  b}^ 
the  rapid  passing  away  of  the  sensations,  as  well  as  by  the 
difficulty  in  producing  them.  Irritability  of  the  nerve  may 
exist  in  association  with  absolute  deafness  and  loss  of  bone- 
conduction. 

The  induced  current  is  sometimes  used  in  cases  of  nervous 
deafness,  and  Duchenne's  method  is  probably  the  best  way  of 
employing  it.  The  patient's  head  is  so  placed  that  the  external 
auditory  meatus  is  perpendicular.  A  little  tepid  water  is  poured 
into  the  canal  so  as  to  fill  about  half  of  it,  and  a  metallic  wire  is 
then  introduced,  care  beino-  taken  not  to  touch  the  walls  of  the 
meatus  or  the  membrana  tympani.  It  is  best  to  use  a  special 
rheophore,  in  A\hich  the  wire  is  isolated  by  an  ivoiy  covering,  and 
is  prevented  from  touching  the  membrane.  Having  waited  till 
the  buzzing  caused  by  the  pressure  of  the  water  has  subsided, 
the  ear-rheophore  is  connected  with  one  of  the  conductors  of  an 
induction  apparatus,  and  the  circuit  is  closed  by  placing  another 
moist  rheophore  on  the  mastoid  process,  and  connecting  it  with 
the  second  conductor.  The  current,  thus  applied,  produces  the 
sensation  of  a  dry  sound;  a  tickling  in  the  tongue  and  at  the 
bottom  of  the  ear ;  a  peculiar  taste,  and  a  luminous  sensation  on 
the  side  stimulated.     The  flow  of  saliva  is  sometimes  increased : 
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but  this  cliaiige  is  ahsavs  preceded  hy  a  feeling  of  dryness  on  the 
side  of  the  tongue  affected. 

AVith  regard  to  the  effects  of  the  induced  current.  Duchenne 
states  that  it  causes  contraction  of  the  small  muscles,  movements 
of  the  chain  of  bones,  vibration  of  the  membrane  of  the  fenestra 
ovalis,  and  consequent  agitation  of  the  fluid  of  the  labyrinth. 
He  obtained  good  results  in  cases  of  "  hysterical "  deafness,  in 
deafness  from  quinine,  and  in  deafness  following  continued  fevers. 
In  very  sensitive  persons,  and  especially  when  the  tissues  of  the 
meatus  and  membrane  are  much  injected,  it  is  best  not  to  pass  an 
electrode  into  the  canal,  but  to  place  it  on  the  mastoid  process, 
while  the  other  one  is  applied  over  the  malar  bone,  or  in  front 
of  the  ear. 

According  to  Benedikt.  sounds  are  much  more  readily  pro- 
duced by  the  electric  current  in  diseased  ears  than  when  all  the 
structures  are  normal.  He  also  believes  that  acoustic  sensations 
can  be  produced  through  the  sympathetic  nerve  by  reflex  action, 
and  he  applies  the  current  to  the  latter  for  therapeutical  purposes. 
Schulz  explains  the  action  of  the  galvanic  current  in  a  different 
manner;  he  supposes  that  the  peripheral  twigs  of  the  sensory 
nerves  at  the  spot  where  the  electrode  is  applied  are  rendered 
electrotonic.  This  condition  is  propagated  to  the  central  extremi- 
ties of  the  nerves,  and  thence  to  the  sensorium,  which  becomes 
conscious  of  the  change  in  the  electro-motor  condition. 

There  is  considerable  difference  of  opinion  as  to  the  value  of 
electricity  in  the  treatment  of  diseases  of  the  ear,  and  no  definite 
rules  can  be  laid  do^^^l  for  its  employment.  It  is  sometimes 
useful  as  an  adjunct  to  other  remedies.  Thus,  galvanism  applied 
to  the  tragus  may  restore  bone-conduction,  increase  hearing- 
power,  and  relieve  subjective  sensations.  It  must,  however,  be 
confessed  that  the  result  is  sometimes  negative,  and  sometimes 
even  prejudicial,  inasmuch  as  the  symptoms  are  aggravated  by 
the  treatment. 

The  method  of  applying  electricity  to  the  ear,  proposed  by 
Weber-Liel,  pelds  good  results  in  certain  cases.  He  introduces 
the  current  through  the  Eustachian  tube  by  means  of  a  silver 
\\-ire  passed  through  a  catheter.  The  galvanism  thus  acts  upon 
the  muscular  structures  of  the  tube,  and  possibly  upon  the  tensor 
tympani  and  stapedius.  No  effect  is  produced  upon  the  auditory 
nerve  :    but   this   method    of  application    sometimes   causes   sub- 
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jective  sensations  to  cease,  and  improves  the  hearing.  The 
remedy  is,  of  course,  applied  to  the  middle  ear,  and  it  may  be 
useful  in  cases  of  atrophy,  or  degeneration  of  the  muscular 
structures.  Weber-Liel  states  that  after  the  tubal  muscles  have 
been  thus  galvanised,  air  passes  more  readily  through  the  catheter 
into  the  tympanum,  and  that  Valsalva's  method  succeeds  where 
before  it  failed.  As,  however,  improvement  of  a  similar  character 
is  not  infrequently^  obtained  by  means  of  the  catheter  alone,  this 
instrument  should  be  used  before  electricity  is  resorted  to,  or  both 
methods  of  treatment  may  be  employed.     From  the  therapeutic 


Fig.  1l>L 
The  Author's  Aural  Electrode. 
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Fig.  122. 
The  Author's  Pharyxgeal  Electrode. 


point  of  view  it  is  immaterial  to  which  cause  an  improvement  is 
to  be  attributed. 

The  instruments  which  I  generally  use  are  shown  at  Fig.  121 
and  Fig.  122.  The  former  is  moistened  in  salt  and  water  and 
then  inserted  into  the  meatus  ;  and  the  latter  is  placed  against  the 
soft  palate  and  then  lifted  upwards  and  outwards,  so  that  its 
extremity  may  be  near  the  pharyngeal  termination  of  the  Eusta- 
chian tube.  This  method  is  less  troublesome  and  is  less 
disagreeable  to  the  patient  than  most  of  the  plans  mentioned, 
and  is,  moreover,  equally  efficacious.  I  have  by  this  means 
obtained  results  similar  to  those  mentioned  by  Weber-Liel. 
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DEAF-MUTISM. 

Classification  of  Deaf-Mutes — Statistics — Deaf  and  Dumb  in  Great  Britain 
and  other  Countries— Influence  of  Sex — Causes  of  Congenital  Deaf- 
Mutism — Hereditary  Transmission  and  Consanguineous  Marriages — 
Pathological  Appearances — Acquired  Deaf-Mutism — Age  of  the 
Sufferers — Additional  Symptoms  and  Consequences— Diagnosis — 
Prognosis  and  Treatment— Importance  of  Early  Instruction. 

Children  learn  to  speak  by  hearing  words  pronounced  by  others 
and  endeavouring  to  reproduce  the  sounds.  A  child  destitute  of 
the  sense  of  hearino-  remains  dumb,  and  those  children  who  lose 
their  hearing-power  during  infancy  or  before  they  have  thoroughly 
learnt  to  speak,  lose  the  faculty  they  may  have  accpiired.  There 
are.  therefore,  three  classes  of  deaf-mutes  : — 

1.  Those  who  are  cono-enitallv  deaf. 

2.  Those  who  have  become  deaf  after  birth  and  before  ac- 
quiring speech. 

3.  Those  who  have  become  deaf  after  having  acquired  the 
faculty  of  speech  to   a  greater  or  less   extent. 

Statistics  carefully  collected  by  Dr.  A.  Hartmann.*  of  Berlin. 
show  that,  taking  countries  ^^~ith  an  aggregate  population  of 
216,000.000,  there  is  an  average  proportion  of  7"77  deaf-mutes 
in  every  10.000  individuals.  The  proportion  is  lowest  in  the 
Netherlands,  beino-  3 -35  :  and  hiohest  iii  Switzerland,  viz.,  2 4 -5 
in  every  10.000  inhabitants.  In  Great  Britain  the  proportion  is 
5"57.t  The  statistics  prove  that  deaf-mutism  is  far  more  common 
in  mountainous  districts  than  in  level  countries,  and  that  in 
Europe  it   is  remarkably  frequent  in  the  Alps  and  Pyrenees. 

*  Tauhstuminheit  und  Tauhstuinmenhildlngy  Stuttgart,  ISSO. 

t  Ileport  of  the  Royal  Commission  on  the  Blind,  Beat]  and  Dumh. 
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■  With  regard  to  the  deaf  and  dumb  in  the  United  Kingdom. 
the  census  tables  show  that  their  proportions  to  the  general 
population  have  decreased  during  the  last  two  decades  (1  in 
every  1,1-84  in  1861,  and  1  in  every  1.794  in  1881).  The 
Commissioners,  however,  point  out  that  the  census  in  England 
and  Wales  is  very  incomplete ;  it  is  difficult  to  obtain  an 
accurate  return  of  the  deaf  in  their  early  years,  as  the  parents 
are  naturally  unwilling  to  return  a  child  as  deaf  and  dumb  till 
-he  is  at  the  least  five  years  old ;  the  deafness,  therefore,  of  children 
under  that  age  cannot  be  accurately  known,  and  is  probabl}" 
understated.  The  statistical  inquiries  in  Ireland  are  more 
complete  and  accurate.  In  the  United  States  the  proportion  of 
deaf-mutes  is  considered  to  be   1   in   1,800. 

Influence  of  Sex.  —  In  all  countries  from  which  trustworthy 
statistics  can  be  obtained,  deaf-mutism  is  found  to  be  more 
frequent  among  males  than  among  females,  and  this  preponderance 
of  the  male  sex  obtains  in  both  congenital  and  acquired  deaf- 
mutism.  Dr.  Hartmann  states  that  in  Prussia  in  1871  the 
proportion  of  males  to  females  was  100  to  103'4  ;  but  the  pro- 
portion of  deaf-mutes  was  85  females  to  100  males.  With  regard 
to  the  frequency  of  congenital  as  compared  ^^dth  acquired  deaf- 
mutism,  it  would  appear  that  the  latter  class  is  somewhat  more 
numerous  than  the  former. 

The  Main  Causes  of  Congenital  Deaf-Mutism  are  hereditary 
transmission  and  consano-uineous  marria^-es.  Of  2.262  cono-enital 
deaf-mutes,  recorded  by  Mr.  Graham  Bell,  more  than  one-half,  or 
54 "5  per  cent.,  had  other  members  of  their  families  deaf  and 
dumb.  Direct  transmission  of  deaf-mutism  is  not  very  frequently 
observed.  Among  fifty-one  deaf  and  dumb  children  in  the 
Asjdum,  Old  Kent  Road,  examined  by  Dr.  Francis  Warner,  who 
has  kindl}^  placed  his  report  at  my  disposal,  thirty-two  were  con- 
genitally  deaf.  Of  the  remaining  nineteen,  the  deafness  in  five 
was  due  to  "  fits  or  brain-disease ; "  for  the  rest,  the  causes 
assigned  were  :  measles,  ^^'hooping-cough,  scarlet  fever,  sunstroke, 
falls,  and  dentition.  In  three  cases,  the  children  were  the  off"- 
spring  of  first  cousins ;  and  in  five,  the  deafness  (with  the  con- 
sequent mutism)  was  acquired  between  the  ages  of  three  and  six 
years.  In  Dr.  Hartmann's  statistics  there  are  276  couples,  of 
whom  one — either  the  husband  or  the  wife — was  a  deaf-mute. 
These  had  419  children  with  perfect  senses,  and  only  eleven  deaf 
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and  dumb  children.  ]Mr.  Bell  states  that  with  one  parent  who  is 
a  congenitally  deaf-mute,  one-tenth  of  the  children  are  deaf ;  and 
with  both  parents,  congenitally  deaf-mutes,  about  one-third  are 
born  deaf. 

Consanguineous  marriages  play  an  important  part  in  respect 
to  deaf-mutism  ;  but  the  statistics  are  not  kept  with  sufficient 
accuracy  to  admit  of  more  than  general  conclusions.  The 
frequency  of  the  defect  in  Alpine  districts  is  traceable,  in  a 
measure,  to  the  marriages  of  relations,  and  according  to  good 
authorities  in  New  York  and  elsewhere,  one  out  of  every  ten 
congenitally  deaf-mutes  is  the  offspring  of  consanguineous 
parents.  There  is  abundant  proof  that  a  marriage  of  this 
character  occurring  in  a  family  in  which  there  is  already  deaf- 
ness, results  in  a  marked  tendency  to  the  defect  in  the  offspring ; 
the  family  peculiarities,  whatever  they  may  be,  are  thus  reinforced. 
Dr.  Hartmann  records  a  very  remarkable  example  of  the  influence 
of  consanguineous  marriages.  '"'A  deaf-mute  child  had  other 
five  deaf-mute  brothers  and  sisters ;  and,  although  no  case  of 
deaf-mutism  had  occurred  in  former  generations  of  the  family,  it 
was  found  that  the  parents,  as  Avell  as  the  grand-parents  and 
great-grand-parents,  had  been  cousins.  Thus  the  pernicious  effect 
of  consanguinity  did  not  show  itself  until  after  the  third  marriage.*' 

Pathological  Appearances. — Various  pathological  changes  have 
been  found  in  cases  of  congenital  deafness,  the  most  prominent 
being  evidences  of  intra-uterine  meningitis  and  of  inflammatory 
processes  in  the  middle  ear  and  labyrinth ;  arrested  development 
of  parts  of  the  ear  and  of  the  auditory  nerve  and  centres ;  bilateral 
atresia  of  the  external  meatus  and  tpnpanum.  and  rachitic 
processes  in  the  labyrinth.  Syphilis  and  scrofula  would  appear  to 
account  for  a  small  proportion  of  cases  of  congenital  deafness.  In 
two  cases  described  by  Moos,*  there  was  a  remarkable  flattening 
of  the  occipital  region  and  considerable  atrophy  of  the  posterior 
cerebral  lobes.  In  one  of  these,  a  boy  aged  four,  there  was  also 
distinct  paresis  of  the  right  arm  and  leg.  and  marked  congenital 
talipes  on  both  sides. 

The  petrous  bones  from  six  deaf-mutes  have  been  examined 
by  Drs.  Moos  and  Steinbrligge.t  In  two  cases  no  nerves  were 
discoverable  in  the  lamina  spiralis  ossea  in  the  first  turns  of  the 

*  Archives  of  Otology,  vol.  xi.  p.  307. 

+  Ihld.,  vol.  xi.  pp.  236,  299;  vol.  xii.  p.  304;  vol.  xiii.  p.  247;  vol.  xv.  p.  123. 
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cochlea;  the  ganglion  cells  within  Rosenthal's  canals  were  stunted 
or  atrophied ;  the  organs  of  Corti  were  imperfectly  developed  and 
in  a  state  of  fatty  degeneration  ;  the  ductus  cochlearis  and  scala 
vestibuli  ^^•ere  filled  up  with  caseous  masses.  In  one  case,  the 
labyrinth  was  altogether  absent  on  both  sides,  and  the  auditory 
nerves  were  for  the  most  part  atrophied.  Tn  another  case,  there 
were  connective-tissue  adhesions  in  the  scala  tympani,  defects  in 
Corti's  organ,  and  of  the  nerves  and  ganglion  cells  in  the  first  and 
second  turns  of  the  cochlea.  The  osseous  parts  of  the  ear  pre- 
sented various  changes,  some  of  a  hyperplastic,  others  of  a 
destructive  character. 

Acquired  Deaf-Mutism  is  caused  hy  various  changes  in  the 
organ  of  hearing,  which  in  their  turn  result  from  affections  of  the 
central  nervous  system,  of  the  labj'rinth,  and  the  sound-conduct- 
ing apparatus.  Cerebro-spinal  meningitis,  inflammation  of  the 
labyrinth,  scarlatina,  diphtheria,  typhoid  fever,  measles,  acute 
hydrocephalus,  syphilis,  and  mumps,  are  the  diseases  to  which  the 
majority  of  cases  belonging  to  this  class  are  traceable.  The 
lesions  found  in  the  ear  are  :  the  remains  of  suppurative  inflam- 
mation in  the  tympanum ;  exfoliation  of  the  ossicles ;  caries  and 
necrosis  of  the  labj'rinth  ;  bands  of  connective  tissue  preventing 
movements  of  the  ossicular  chain ;  adhesions  of  the  ossicles  to 
the  walls  of  the  cavity  ;  destructi\e  changes  and  osseous  forma- 
tions in  the  labyrinth  ;  inflammatory  deposits  in  the  meninges 
involving  the  auditory  nerves  on  both  sides,  and  in  the  floor  of 
the  fourth  ventricle. 

The  Age  of  the  patients  at  the  time  of  becoming  deaf  is  a 
point  of  much  importance.  Wilde's  statistics  of  503  cases  show 
that  120  became  deaf  in  the  first  two  years  ;  109  in  the  third  and 
fourth;  76  in  the  fourth;  38  in  the  fifth;  36.  32,  and  21  in  the 
sixth,  seventh,  and  eighth  years  respectively;  11  and  15  in  the 
ninth  and  tenth;  33  between  the  tenth  and  fifteenth,  and  12  after 
the  latter  year. 

In  these  cases  of  congenital  and  acquired  deaf-mutism,  the 
dumbness  is,  of  course,  the  result  of  the  defective  hearing.  The 
influence  of  hearing  upon  speech  is  sll0^^•n  by  the  alterations  in 
the  voice  among  deaf  persons  in  general :  it  becomes  harsh,  loud, 
and  inflexible.  These  features  are  especially  marked  in  deaf- 
mutes.  AVhen  the  deafness  has  been  acquired  in  earh"  childhood 
tiiere  is  no  longer  any  great  inducement  to  speak,  and  with  loss 
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of  practice  the  power  disappears  ;  the  voice  becomes  harsher 
and  less  intelligible,  and  in  the  absence  of  proper  care  and 
attention,  dumbness  is  superadded  to  the  loss  of  hearing.  The 
want  of  exercise  of  the  lungs  and  throat  is  found  to  result  in 
imperfect  development  of  the  thoracic  muscles  and  flattening  of 
the  chest.  Hence  the  deaf  and  dumb  are  predisposed  to  lung- 
disease  and  to  chilblains.  In  other  respects,  however,  the 
sufferers  are  ^veW  developed,  and  many  of  them  exhibit  a  high 
degree  of  mental  power.  As  a  general  rule  they  are  capricious, 
obstinate,  ill-disposed  towards  other  children,  and  sh}',  though 
inquisitive  ;  capacity  for  imitation  is  often  a  marked  feature. 

Diagnosis.  —  In  early  life  it  may  be  difficult  to  ascertain 
whether  and  to  what  extent  the  child  is  deaf.  Absolute  deafness 
is  less  frequent  than  loss  of  perception  of  speech.  In  order  to 
test  the  condition  of  the  hearing,  the  child's  attention  should  be 
excited,  by  to^^s  or  other  means,  while  sounds  of  various  intensities 
are  produced  (by  clapping  the  hands,  ringing  a  bell,  or  whistling) 
behind  his  back.  Perception  will  be  demonstrated  by  the  child's 
turning  his  head  towards  the  source  of  the  sound.  It  must  be 
remembered  that  loud  noises  are  always  accompanied  by  more  or 
less  vibration  of  the  walls  and  floor  of  the  room,  which  can  he  felt 
by  a  person  whose  attention  is  thus  attracted,  although  totally 
deaf.  The  perception  of  sound  through  the  bones  of  the  head  is 
tested  in  the  ordinary  way  b}^  placing  tuning-forks  of  varying* 
pitch  on  the  vertex  or  mastoid  process.  A  child  more  than 
twelve  months  old  will  smile  if  he  hears  the  sound.  Low  notes 
are  usually  heard  better  than  high  ones.  If  sound  be  perceived 
a  further  examination  will  determine  whether  speech  of  any  kind 
is  heard.  Some  deaf-mutes  hear  to  such  an  extent  that  they  are 
able  to  repeat  vowel-sounds,  especially  a,  o,  and  u,  uttered  close  to 
the  ear.  Others  are  able  to  repeat  consonants  and  even  a  few 
words.  Dr.  Hartmann's  statistics  show  that  60"2  per  cent,  of  the 
total  number  of  deaf-mutes  are  entirely  devoid  of  the  sense  of 
hearing.  A  fourth  part  are  able  to  perceive  sounds  :  11 '3  hear 
vowels  and  4*3  hear  words.  "  The  chief  point  of  distinction  with 
regard  to  the  hearing-power  of  those  born  deaf  and  those  who  have 
acquired  deafness,  is  that  of  the  latter  the  number  of  the  totally 
deaf  is  far  larger  (68"4  per  cent.)  than  that  of  the  former  (42*2  per 
cent)." 

Prognosis  and  Treatment. — In  a  few  congenital  cases,  the  deaf- 
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'uess  not  beino-  absolute  and  due  to  chano-es  in  the  middle  ear, 
some  improvement  has  been  observed  to  take  place  in  the  course 
of  time.  Dr.  Hartmann  mentions  the  case  of  a  i>-irl.  total] v  deaf 
since  birth,  in  whom  hearing  ^^•as  established  spontaneously  to 
such  an  extent  that  she  was  able  to  repeat  words  spoken  close  to 
the  ear.  Politzer  also  records  a  few  ^similar  cases.  Practically, 
however,  any  child  unable  to  hear  ordinary  voice  at  a  distance  of 
two  or  three  feet  from  the  ear  is  unable  to  acquire  language  by 
the  ordinary  method.  In  acquired  deaf-mutism,  resulting  from 
destructive  processes  in  the  middle  ear,  or  from  disease  of  the 
brain  or  its  membranes,  no  improvement  can  be  expected.  Atten- 
tion should,  however,  be  paid  to  the  condition  of  the  ears,  and 
suitable  treatment  should  be  adopted  for  any  purulent  discharge, 
or  chronic  inflammatory  processes.  When  the  case  is  one  of  a 
child  who  has  learnt  in  some  measure  to  speak,  every  effort  should 
be  made  to  prevent  loss  of  the  faculty  already  possessed.  To  this 
end  the  child  should  be  encouraged  to  speak,  and  made  to  read 
aloud  regularh*  and  distinctly.  Too  much  stress  cannot  be  laid 
on  the  importance  of  proper  treatment  of  aural  disease  in  early 
life.  In  not  a  few  cases  of  deaf-mutism,  the  deafness  and  its  result 
are  due  to  neglect. 

At  the  present  day  there  are  three  systems  whereby  deaf- 
mutes  are  educated  :  these  are  (1)  the  sign  and  manual,  (2)  the 
pure  oral,  and  (3)  these  two  combined.  The  object  of  each  is  to 
enable  the  sufferers  to  converse  with  their  fellow  creatures,  to 
acquire  knowledge,  and  to  earn  their  own  livelihood. 

The  differences  between  the  three  systems  are  thus  tersely 
stated  in  the  Commissioners'  Report  : — The  sign  and  manual 
S3*stem  specially  trains  the  deaf  to  communicate  and  associate 
with  their  fellow  deaf. 

The  pure  oral  sj^stem  speci'ally  trains  the  deaf  to  communicate 
and  associate  with  the  hearing  and  speaking  world. 

The  combined  system,  as  its  name  implies,  endeavours  to 
combine  the  two  former,  the  result  being  that  with  fe^^•  excep- 
tions sigTis  and  the  manual  alphabet  prevail,  and  cause  the  pupils 
to  relinquish  the  use  of  speech,  and  to  seek  the  society  of  deaf 
and  dumb  people. 

The  arguments  which  the  advocates  of  the  different  systems 
advance  to  establish  their  case  may  be  summed  up  in  a  few  words. 
Starting  with  the  assumption  that  a  written  language  is  common 
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to  all,  the  advocates  of  the  first  system  claim  that  the  sign- 
language  is  the  natural  way  in  which  the  deaf  and  dumb  express 
themselves.  Those  who  maintain  the  superiority  of  the  oral 
system  allege  that  their  aim  is  to  make  the  deaf  and  dumb 
conversant  with  ordinary  language  and  able  to  express  themselves 
by  speech.  The  advocates  of  the  third  plan  assert  that  it  is  best 
to  give  the  deaf  and  dumb  the  advantages  of  both  S}'stems.* 

It  would  seem  that  the  sign  and  manual  system  has  nearly 
died  out  in  the  United  Kingdom.  The  Commissioners  recom- 
mend that  every  child  who  is  deaf  should  have  full  opportunity 
of  being  educated  on  the  pure  oral  system.  The  first  step  in 
this  system  is  to  teach  the  deaf-mute  to  learn  what  another 
person  is  saying  to  him  by  noticing  the  movement  of  the  lips. 
This  necessitates  very  careful  articulation  by  the  teacher,  and 
veiy  close  observation  by  the  deaf-mute,  the  perfection  and  speed 
with  which  it  is  learnt  varying  with  the  skill  and  intelligence 
of  the  teacher  and  pupil.  The  next  step,  to  teach  the  dumb  to 
articulate,  involves  more  difficulty.  The  teacher  writes  a  letter  on 
a  board,  and  then  pronounces  it.  The  pupil  imitates  the  motion 
of  the  lips,  and  emits  a  sound  which  by  practice  comes  to 
resemble  that  uttered  by  the  teacher.  Various  combinations  of 
letters  are  next  taken,  and  the  same  process  is  adopted  luitil 
words  are  learnt.  AVhen  the  pronunciation  cannot  be  learnt 
from  the  movements  of  the  lips,  the  teacher  places  the  pupil's 
hand  on  his  larynx  while  he  utters  the  sound.  These  lessons 
require  constant  practice,  under  trained  teachers,  for  six  or  eight 
years,  in  which  period  a  large  proportion  of  the  children  become 
enabled  to  make  themselves  well  understood  by  this  system  of 
speech  and  to  carry  on  long  conversations.  The  result,  in  the 
main,  depends  on  their  intellectual  capacity,  upon  the  amount  of 
hearing-power  which  may  yet  remain,  and  the  manner  and  dura- 
tion of  the  training.  Dr.  Hartmann  states  that  about  one-third 
can  be  trained  with  such  success  that  they  can  converse  with 
everj'body.  In  a  similar  proportion,  the  speech  is  somewhat 
less  distinct,  so  that  it  is  not  clearly  understood  by  those  unac- 
customed to  it.  In  the  remaining  third,  the  utterances  are  almost 
unintelligible. 

Children  should  come  under  instruction  as  early  as  possible, 
before  the  vocal  organs  have  lost  power  from  disuse,  and  while 
*  Report  of  the  Royal  Commission,  p.  62. 
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still  supple  enough  to  produce  sounds  free  from  that  harshness 
which  usually  characterises  their  later  development.  Even  if 
the  results  of  the  oral  system  prove  very  imperfect  in  any  given 
case,  yet  a  little  power  of  speech  enables  the  pupil  to  com- 
municate -with  the  rest  of  the  world  on  terms  more  nearly 
equal  than  those  afforded  l:)y  the  language  of  signs  or  the  finger 
alphabet. 
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AETIFICIAL  AIDS  TO  HEAEIXG. 

Ear-Trumpets  and  Tubes — Maloney's  Otophone — Politzer  s  Instruments — 
Ehodes'  Audiphone — Paladino's  '"Fonifero"" — Desirability  of  Early 
Use  of  Ear-Trumpet. 

Ix  many  cases  of  impaired  hearing  conversation  is  facilitated  by 
the  use  of  ear-trnmpets  and  tubes,  which  collect  vibrations  and 
convey  them  to  the  auditory  canal.  Instruments  of  this  kind 
are  found  to  be  most  serviceable  when  the  deafness  is  due  to  the 
results  of  chronic  catarrhal  processes  in  the  middle  ear.  the 
meml^rana  tympani  and  ossicles  remaining  in  position.  When 
the  deafness  is  due  to  disease  of  the  labyrinth,  little  if  any 
benefit  can  be  experienced  from  the  use  of  such  appliances. 

An   ordinary    ear-trumpet    consists    of  a  conical    tube  with  a 
wide  mouth  for  the  admission  of  vibrations  ;  the  other  extremity 
is  much  narrowed  and  is  fitted  with  an  ear-piece,  often  placed  at 
a  right, angle  with  the  rest  of  the  tube.     The  trumpet  is  made 
of  metal,  vulcanite,  or  horn  ;  the  large  extremity  is  often  cut  off 
oblicpiely  so  as  to  increase  the  size  of  the  opening.     By  the  aid 
of  such  an  instrument  many  deaf  persons  are  enabled  to  hear  the 
voice  of  a  speaker  at  some  distance.     For  conversation,  when  the 
s]:>eakers   are   near,   a  flexible   tube  is  the  most  convenient  ap- 
pliance.    This  has  a  funnel-shaped  mouth-piece  at  one  extremity, 
and  an  olive-shaped  ear-piece  at  the  other.     The  mouth-piece  is 
made  of  vulcanite  or  horn,   and   is  from  two  to  three  inches  in 
diameter  ;  the  tube  is  about  three   feet  in   length.     AYhen  used 
the  patient  places  the  ear-piece  in  his  meatus,  and  the  speaker, 
holding   the    mouth-piece    near   his    lips,  pronounces    the    words 
clearly,   but    not    with    excessive    loudness.     Some   persons   hear 
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best  when  the  voice  of  the  speaker  is  scarcely  more  than  a 
whisper.  AVhen  tinnitus  is  present  great  care  is  necessary,  as 
it  is  sometimes  much  aggravated  by  the  use  of  the  hearing-tube. 
When  the  external  meatus  is  very  irritable  and  will  not  admit 
of  the  introduction  of  the  ear-piece,  the  latter  should  be  shaped 
like  a  shell  or  small  cup,  so  as  to  cover  the  auricle. 

An  instrument,  termed  an  '"  otophone,"'  has  been  invented  by 
Mr,  Maloney,  of  Washington,  and  is  declared  by  Dr.  C.  H. 
Burnett*  to  be  the  most  useful  ear-trumpet  presented  to  his 
notice.  It  succeeds  where  other  forms  fail.  It  does  not  fit  into 
the  meatus ;  the  aural  end  is  supplied  with  a  disk,  which  is  held 
to  the  ear,  this  arrangement  preventing  irritation  of  the  canal. 
Besides  the  trumpet,  Mr.  Maloney  has  devised  a  disk,  which  "  is 
fastened  to  the  auricle  hy  a  locking  device,  kept  in  place  by  the 
tragus,  antitragus,  and  <Joncha."  This  instrument  appears  to  act 
b}^  enlarging  the  space  between  the  helix  and  tragus. 

A  small  instrument  for  insertion  into  the  meatus  has  been 
constructed  by  Politzer,t  who  claims  that  it  improves  the  hearing 
in  a  considerable  number  of  deaf  persons.  Its  principle  is  based 
upon  the  fact  that  a  sound  acting  upon  the  ear  is  heard  more 
loudly  when  the  surface  of  the  tragus  is  enlarged  backwards  by 
the  application  of  a  small  firm  plate.  AVhen  the  instrument  is  in 
position,  an  increased  number  of  vibrations  are  conducted  to  the 
auditory  meatus. 

The  instrument  is  shaped  like  a  hunting-horn  ;  its  narrower 
inner  extremit}'  is  inserted  into  the  auditory  meatus,  the  outer 
larger  part  lies  on  the  auricle,  with  the  opening  directed  back- 
wards towards  the  concha.  Three  sizes  are  sufficient  for  all  cases, 
and  vulcanite,  coloured  red,  is  the  best  material.  The  inner 
portion  of  the  tube  is  removed  to  the  extent  of  about  one-third 
of  the  circumference.  The  instrument  is  passed  into  the  meatus 
with  the  wider  opening  pointing  upwards ;  and  then  turned  so 
that  the  same  opening  looks  backwards  towards  the  concha. 
According  to  Politzer's  experiments,  when  this  instrument  is  worn, 
the  hearing-distance  is,  on  an  average,  doubled ;  though  in  about 
one-fourth  of  the  cases  no  change  results,  and  in  some  the 
hearing-distance  is  lessened. 

Another  instrument,  devised  by  the  same  authority,  has  for  its 

*  Archives  of  Otology,  vol.  xvi.  p.  177. 

t  Lehrhnch  der  Olirenlie'dlmnde,  2  Aufl.  S.  554. 
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object  tlie  communication  of  the  vibrations  of  tlie  auricular  carti- 
lage to  the  membrana  tympani  by  means  of  an  elastic  conductor. 
This  consists  of  a  piece  of  rubber-tubing,  4  —  5cm.  (about  2 
inches)  long  and  2mm.  (about  -^j  inch)  thick,  with  its  inner 
end  cut  obliquely,  and  resting  against  the  membraha  tympani. 
The  outer  end  is  curved,  so  as  to  fit  into  the  concha :  the  effect 
is  increased  by  passing  it  through  a  little  round  disk  of  vulcanite, 
which  lies  in  the  hollow. 

An  instrument  termed  the  "  audiphone,"  invented  by  Mr. 
Ehodes,  of  Chicago,  is  designed  to  conduct  sounds  through  the 
bones  of  the  head,  and  thereby  improve  the  hearing.  It  consists 
of  a  flexible  plate  of  vulcanite  or  well-lacquered  pasteboard,  10 
to  12  inches  long  and  rather  less  in  breadth,  and  somewhat 
resembling  a  fan  in  shape.  There  is  a  handle  at  the  lower  border, 
while  the  opposite  edge  has  a  small  metal  plate  which  is  applied 
to  the  teeth  or  zygoma.  In  one  modification,  the  audiphone  is 
constructed  of  several  pieces,  jointed  together,  and  made  to  assume 
the  necessary  curve  by  means  of  a  silken  cord.  The  instrument  is 
applied  to  the  upper  incisor  teeth,  with  its  convexity  directed 
forwards  ;  sound-waves  impinging  upon  it  are  conducted  to  the 
bones  of  the  head  and  the  labyrinth.  The  audiphone  is  easily 
held,  and  is  less  conspicuous  than  an  ear-trumpet :  it  is,  however, 
less  useful  than  the  latter  in  the  majority  of  cases. 

Paladino's  instrument,  the  ''  fonifero,"  is  designed  to  conduct 
sounds  directl}^  from  the  larynx  of  the  speaker  to  the  teeth  or 
external  meatus  of  the  hearer.  It  consists  of  a  straight  rod  18 
to  25  inches  in  length,  having  at  one  end  a  thin  semi-circular 
metallic  band  and  at  the  other  a  small  metal  plate.  The  former  is 
applied  to  the  skin  over  the  larynx. 

In  some  cases  the  best  conversation  tube  is  found  to  be  a 
single  piece  of  india-rubber  tubing  with  a  hollow  piece  of 
vulcanite  at  one  end  to  fit  into  the  meatus,  and  a  small  cup-shaped 
piece  of  vulcanite  at  the  other  end  to  collect  the  sound.  If  the 
meatus  is  irritable,  a  disk  about  one  and  a-half  inches  in  diameter, 
and  perforated  in  its  centre,  may  be  fixed  on  the  aural  end  of  the 
tube  in  the  place  of  the  vulcanite  plug. 

With  regard  to  all  these  instruments,  it  ^^•ould  seem  that  the 
hearing-trumpets  are  more  generalh*  useful  than  any  other  con- 
trivance. They  must  always  be  tested  by  the  patient;  it  is 
impossible  to  predict  the  degree   of  assistance  that  will  accrue 
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from  any  one  of  them.  An  instrument  should  be  selected  which 
improves  the  hearing  as  much  as  possible,  without  irritating  the 
meatus  or  causing  any  unpleasant  sensations.  Patients  are 
generally  loth  to  have  recourse  to  these  artificial  aids  until  the 
deafness  has  become  very  serious.  They  should,  however,  be 
advised  not  to  wait  until  this  stage  has  been  reached,  but  to  use 
a  hearing-tube  or  trumpet  as  soon  as  ordinary  conversation  is 
not  heard  so  as  to  be  clearly-  understood. 


4^. 
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CHAPTEE   XLIX. 


LIFE-ASSURANCE  AND  DISEASES  OF  THE  EAR- 
SIMULATED  DEAFNESS. 

Diseases  of  the  Ear  Tending  to  Imperil  or  Shorten  Life — Diseases  of  the 
Ear  which  may  be  Regarded  as  L'nimportant  with  Reference  to 
Life- Assurance — Decision  in  Cases  of  Suppurative  Inflammation — 
Simulated  Deafness — Means  of  Testing — Military  Regulations  in 
Austria  and  Prussia  with  Regard  to  Recruits  Suffering  from  Aural 
Diseases. 

Chronic  suppuration  of  the  middle  ear  is  a  possible  source  of 
danger  to  life  ;  and  though  in  the  large  majority  of  cases  it  is 
free  from  fatal  consecjuences,  yet  it  seldom  exists  for  any  length 
of  time  without  impairing  the  health  of  the  individual.  It  has 
been  shown  in  previous  chapters  that  cerebral  abscess,  pyaemia, 
caries  and  necrosis  of  the  temporal  bone,  suppuration  within  the 
mastoid  cells,  and  facial  paralysis  are  some  of  the  results  of 
chronic  suppuration  in  the  tympanum ;  and  on  this  account 
persons  suffering  from  this  ailment  require  to  be  verj'  minutely 
examined  when  thej^  present  themselves  for  life-assurance.  In 
all  serious  diseases  of  the  ear,  and  particularly  in  that  one  just 
mentioned,  the  question  for  the  medical  examiner  to  determine  is 
whether  the  life  should  be  accepted  or  not,  and  if  accepted,  what 
addition  should  be  made  to  the  premiums. 

It  is  not  too  much  to  say  that  cases  of  chronic  suppurative 
inflammation  of  the  tympanum  should  be  unhesitatingly  rejected 
if  there  be  a  large  perforation  in  the  membrane,  with  granulations 
or  polypi  in  the  cavity.  The  decision  becomes,  if  possible,  more 
easv,   if  there  be   at   the    same  time   evidences   of  caries  of  the 
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osseous  walls,  fistulous  openings  in  the  mastoid  process,  or  signs 
of  facial  paralysis.  The  presence  of  exostoses  in  the  meatus 
is  to  be  considered  as  a  decidedly  unfavourable  addition  to 
chronic  tympanic  suppuration.  As  a  matter  of  course  any 
ulceration,  presumably  of  a  malignant  character,  affecting  the 
auricle  or  meatus,  will  disqualify  the  applicant,  and  the  same 
decision  will  be  required  when  there  is  am^  history  of  attacks 
of  giddiness  and  disorders  of  co-ordination  in  connection  with 
some  aural  disease. 

Certain  other  conditions  of  the  ear,  inasmuch  as  the}^  do  not 
affect  the  general  health  and  are  not  prone  to  be  attended  by 
dangerous  complications,  are  of  no  special  importance  as  regards 
life-assurance.  This  category-  includes  the  various  cutaneous 
affections  of  the  auricle  and  meatus — e.f/.,  eczema  and  furuncles, 
and  also  exostoses  in  the  canal,  when  unaccompanied  by  suppura- 
tive inflammation  beyond.  Chronic  adhesive  processes  in  the 
middle  ear  have  no  bearing  upon  the  question  of  life-assurance, 
and  persons  with  cicatrices  in  the  tympanic  membrane,  A\hether 
adherent  or  not  to  the  inner  ^-all.  may  so  far  be  regarded  as 
"  good  lives." 

AVhen  a  dr}'  perforation  remains,  but  no  discharge  is  visible, 
some  consideration  will  be  required  before  deciding  as  to  the 
eligibility  of  the  applicant.  The  danger  lies  in  a  recurrence 
of  the  tympanic  affection,  and  the  risk  will  be  considerably 
heightened  if  there  be  evidences  of  pharyngeal  catarrh.  Under 
such  circumstances  some  addition  should  be  made  to  the  pre- 
mium, the  amount  depending  upon  the  general  health  and 
circumstances  of  the  patient,  the  condition  of  the  tympanum, 
so  far  as  can  be  ascertained,  and  the  state  of  the  throat  and 
chest. 

In  the  case  of  recent  suppurative  inflammation  within  the 
tympanum,  the  decision  may  be  postponed  so  as  to  allo\\'  time 
for  suitable  treatment  to  be  adopted.  If  after  the  lapse  of  two 
or  three  months  the  inflammation  subside,  the  discharge  cease 
and  the  perforation  become  dry,  the  life  may  be  accepted,  subject 
to  the  conditions  stated  above.  Should,  however,  the  discharge 
continue  and  granulations  form,  it  will  be  advisable  in  the 
interests  of  the  office  to  decline  to  accept  the  proposal.  All 
cases  with  discharge  from  the  ear,  or  any  histoiy  thereof,  should 
be  very  carefully  examined.     The  duration  of  life  in  such  persons 
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is  below  the  a\erage.  Some,  indeed,  die  at  a  comparative!}'  early 
age  either  from  the  direct  consequences  of  the  local  affection,  or 
from  some  \\'asting  disease.  It  must  be  borne  in  mind  that  many 
years  may  elapse  between  the  first  appearance  of  a  discharge  from 
the  ear  and  its  fatal  consequences  in  the  brain. 


SIMULATED    DEAFNESS. 

Dulness  of  hearing  and  complete  deafness  are  not  infrequently 
simulated  in  countries  in  which  the  inhabitants  are  liable  to  com- 
pulsory military  service.  The  defect  is  sometimes  pretended  to 
exist  under  other  circumstances,  e.g.,  when  damages  are  claimed 
from  a  railway  company  for  injuries  alleged  to  have  been  sustained 
in  a  collision,  etc. 

In  all  cases  of  suspected  simulation  of  deafness,  the  history 
and  account  given  by  the  patient  should  be  carefully  noted  down. 
The  ears  should  next  be  examined,  and  the  condition  of  the 
meatus,  membrana  t^^mpani.  and  Eustachian  tube  on  both  sides 
accurately  determined.  Dulness  of  hearing  is  more  frequenth' 
simulated  than  absolute  deafness  :  and  in  some  cases  a  pre- 
existing defect  is  exaggerated,  and  alleged  to  disqualify  the 
patient  from  following  his  occupation. 

For  unilateral  deafness,  supposed  to  be  simulated,  the  fol- 
lowing test*  should  be  applied  : — 

A  plug  of  cotton-wool  is  inserted  into  the  meatus  of  the 
normal  ear  and  a  vibrating  tuning-fork  is  then  placed  on  the 
vertex.  An  impostor  will  probably  assert  that  he  does  not  hear 
the  sound  at  all,  whereas  perception  must  be  decidedly  increased 
in  the  occluded  ear.  He  ma}',  on  the  other  hand,  admit  that  he 
hears  the  sound,  though  very  faintly,  on  the  deaf  side.  A  plug 
of  cotton-^^'ool  should  now  be  placed  in  that  ear ;  the  sound 
ought  to  be  strengthened,  and  the  assertion  that  it  is  no  longer 
heard  will  be  proof  of  the  imposition. 

The  watch  and  speech  may  next  be  used  as  tests,  and  the 
following  plan  will  serve  to  detect  imposition  : — The  eyes  are 
covered  with  a  bandaoe.  and  the  hearino-  distance  for  the  sound 
ear  is  carefully  determined.  A  plug  of  cotton-wool  is  then 
inserted  into  this  ear,  but  not  closely  packed.  When  tested  as 
before    by   means    of   the    watch    and    speech,    an   impostor  will 
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probably  assert  that  he  hears  nothing,  whereas  the  insertion  of 
cotton-wool  into  the  meatus  affects  but  slightly  the  hearing- 
distance  of  a  normal  ear  for  speech.  Words  uttered  with  a 
moderate  degree  of  loudness  can  still  be  heard  at  a  distance  of 
several  yards. 

This  test  may  be  modified  as  follo^^  s  : — The  examiner  explains 
that  he  wishes  to  introduce  an  india-rubber  plug  into  the  sound 
ear;  but  he  uses  a  piece  of  india-rubber  tubing,  which  fits  the 
meatus  accurately,  or  a  plug  furnished  with  a  stopper,  which  is 
withdrawn  after  insertion.  Little,  if  any  difference  will  thus  be 
effected  in  the  hearing-power ;  but  an  impostor  is  likely  to 
assert  that  his  hearing  is  greatly  impaired,  or  perhaps  quite 
abolished. 

The  voice  may  also  be  utilised  as  a  test  in  this  way  :  the 
distance  is  ascertained  at  A\'hich  spoken  words  can  be  clearly 
heard.  The  person's  eyes  are  then  bandaged,  and  the  examiner 
retires  to  a  greater  distance,  and  utters  words  with  the  same 
degree  of  intensity.  He  then  tests  the  hearing  at  various  dis- 
tances, some  within  and  others  beyond  the  normal  distance.  An 
impostor  will  get  confused,  and  will  probablj^  assert  that  he  fails 
to  hear  words  uttered  close  to  his  ear,  while  those  spoken  at  a  much 
greater  distance  are  admitted  to  be  audible.  There  is  jet  another 
plan :  the  examiner,  remaining  in  the  same  spot,  repeats  a  word 
several  times,  gradually  lowering  his  voice. 

A  method  devised  by  Teuber*  is  very  eflScacious.  but  requires 
a  special  form  of  apparatus.  The  wall  of  a  room  is  perforated  by 
two  metallic  tubes,  each  of  which  is  prolonged  by  a  piece  of 
india-rubber  tubing.  The  latter  terminates  in  an  ear-piece  for 
each  meatus.  Each  india-rubber  tube  has  a  lateral  branch,  which 
is  inserted  into  the  meatus  of  an  assistant.  The  examiner,  who 
is  out  of  sight,  speaks  first  into  one  and  then  into  the  other  tube  : 
the  words  or  sentences  are  of  course  heard  by  one  or  other 
assistant.  If  he  makes  rapid  changes  from  one  tube  to  the  other, 
an  impostor  will  soon  get  confused,  and  will  fail  to  distinguish 
words  spoken  in  one  ear  from  those  spoken  in  the  other.  When 
told  to  repeat  what  he  has  heard,  he  will  prove  tliat  the  ear 
which  he  declares  to  be  deaf  is  capable  of  discharging  its 
functions. 

There  is  another  and  a  more  simple  method,  based  on  the  same 
*  Berlin.  Klin.  WocJi.,  1869,  Nr.  9. 
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principle.  A  tube  is  inserted  into  each  ear ;  the  examiner  speaks 
Through  one.  and  his  assistant  tln-ough  the  other  at  the  same  time. 
\n  a  genuine  case  the  patient  will  repeat  only  what  has  been 
spoken  into  the  normal  ear ;  an  impostor  will  become  confused, 
and  will  repeat  words  heard  on  the  side  on  which  he  asserts 
that  he  is  deaf. 

A  binaural  stethoscope  may  be  utilised  for  detecting  feigned 
unilateral  deafness.  In  a  case  in  which  it  was  tried  the  patient 
asserted  that  he  was  deaf  on  the  left  side.  A  tightly-fitting 
wooden  plug  was  inserted  into  the  right  caoutchouc  tube,  and 
both  elastic  tubes  were  placed  in  the  metal  ones.  Testing  the 
instrument  on  himself,  the  examiner  found  that  speech  was  not 
heard  by  the  right  ear.  When  the  patient  was  thus  tested,  he 
repeated  without  hesitation  words  spoken  into  the  funnel-shaped 
end  of  the  instrument,  which  served  as  the  mouth-piece.  The 
tube  containing  the  plug  was  then  withdrawn  from  the  right 
meatus,  which  was  firmly  closed  by  pressure  on  the  tragus.  On 
again  speaking  into  the  stethoscope,  which  was  still  connected 
with  the  left  ear,  the  patient  positively  asserted  that  he  heard 
nothino-.  He  was  conscious  that  the  tube  throuo-h  which  he  had 
(as  he  supposed)  before  heard  was  no  longer  connected  with 
the  rio'ht'  ear. 

o 

For  the  detection  of  simulated  bilateral  deafness  a  bandao-e 
should  be  placed  over  the  eyes,  and  each  ear  tested  separately  by 
speech  and  the  acoumeter.  The  patient's  statements  are  carefully 
noted  with  a  view  to  discover  contradictions.  For  the  detection  of 
simulated  total  deafness,  the  person  must  be  seen  when  asleep,  and 
the  amount  of  noise  required  to  rouse  him  should  then  be  noticed. 
If  placed  under  chloroform,  so  as  to  become  only  partially  insensible, 
an  impostor  may  answer  questions  put  to  him.  or  show  by  some 
remark  that  he  hears  the  conversation  that  is  going  on  around 
him.  It  has  been  suggested  that  during  the  ordinary'  examina- 
tion, a  third  person  should  make  some  disparaging  or  insulting- 
observations  with  reference  to  the  suspected  impostor,  while  the 
examiner  notices  whether  any  effect  is  produced  upon  the  features 
of  the  latter.  Another  suggestion  of  a  similar  character  is  that 
the  examiner  should  tell  the  person  that  he  may  go,  that  he  is 
unfit  for  work,  etc.  Such  plans,  however,  would  fail  to  detect  a 
clever  impostor,  who  would  be  quite  prepared  for  an}'  such 
attempts  to  throw  him  off  his  guard. 
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AUSTRIAN  AND  PRUSSIAN   REGULATIONS  WITH  REGARD  TO 
THE  HEARING  OF  RECRUITS. 

The  following  regulations  are  in  force  in  Austria  and  Prussia 
with  regard  to  the  fitness  for  service  of  recruits  with  any  aural 
affection. 

In  Austria  the  following  conditions  do  not  constitute  unfitness 
for  service  :  — 

(a)  Reduction  of  hearing-power  of  both  ears  to  a  distance  of 
8  metres  (26  feet).  Clearly-uttered  whispers,  by  a  person  of 
normal  hearing,  must  be  heard,  so  that  the  words  can  be  repeated, 
at  a  distance  of  2  metres  (6^  feet),  in  a  moderately  still  and  quiet 
place. 

(/>)  Reduction  of  hearing-power  in  one  ear  to  a  distance 
of  4  metres  (13  feet),  the  hearing  on  the  other  side  being 
normal. 

(c)  Partial  loss  of  one  auricle,  malformations,  and  non-malig- 
nant growths  of  the  external  ear,  with  hearing-po\N  er  as  laid 
down  under  a  and  h. 

(d)  Congenital  or  acquired  stenoses  of  the  external  meatus, 
the  morbid  process  which  was  the  cause  thereof  having  come  to 
a  standstill,  and  the  hearing-distance  being  not  less  than  that 
described  above. 

(e)  With  a  hearing-distance  as  above,  the  following  affections 
of  the  external  and  middle  ear  and  their  consequences  do  not, 
2)er  se,  cause  unfitness  :  plugs  of  cerumen,  exostoses,  constrictions, 
cicatrices,  calcareous  deposits,  and  retractions  of  the  membrana 
tympani ;  all  forms  of  simple  catarrhal  inflammation,  together 
with  any  resulting  adhesive  processes. 

The  following  conditions  render  a  man  fit  only  for  sanitary 
duties,  care  of  the  sick,  and  charge  of  clothing : — 

(a)  Deafness  on  both  sides,  with  a  hearing-distance  up  to  4 
metres  (13  feet). 

(h)  Deafness  on  one  side,  with  a  hearing-distance  up  to  2 
metres  (6J  feet),  and  perfect  hearing  on  the  other. 

(c)  Partial  loss  of  one  auricle,  malformations,  and  non-malig- 
nant growths  of  the  external  ear,  with  the  hearing-distance  as 
above. 

((/)  Congenital  or  acquired  stenoses  of  the  meatus,  with  no 
signs  of  active  disease,  the  hearing-distance  being  as  above. 
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(e)  Affections  of  the  external  and  middle  ear  and  their  con- 
sequences, not  jjc?*  se  causing  unfitness,  with  a  hearing-distance 
as  above. 

The  following  conditions  unfit  for  active  service,  in  some 
cases,  after  repeated  testing  ;  in  others,  at  once  and  as  a  matter 
of  course  : — 

(ft)  Deafness  on  both  sides  with  a  hearing-distance  under 
4  metres  (13  feet). 

(h)  Deafness  on  one  side,  with  a  hearing-distance  under 
2  metres  (G^  feet). 

(c)  Chronic  perforation  of  the  membrana  tympani. 

(d)  All  forms  of  chronic  suppurative  inflammation  in  the 
middle  ear,  with  their  complications. 

(e)  Loss  of  one  auricle. 

(/)  Congenital  or  acquired  total  closure  of  the  external 
meatus,  even  if  unilateral. 

For  service  in  the  Landsturm  a  man  is  still  fit  who  has — 

(a)  Loss  of  one  auricle. 

(h)  Chronic  perforation  of  the-  membrane,  with  hearing- 
distance  of  about  2  metres  (G^  feet). 

The  following  conditions  disqualify  a  man  for  active  service, 
but  not  for  mechanical  work  connected  with  ^^•arlike  opera- 
tions : — 

(a)  Deafness  on  both  sides,  with  a  hearing-distance  below 
4  metres  (13  feet),  but  such  as  does  not  unfit  for  ordinary  work. 

(h)  Congenital  or  acquired  total  closure  of  the  external  meatus 
on  one  side. 

(c)  A  permanent  opening  in  the  membrane,  the  defect  not 
preventing  ordinary  employment. 

(d)  All  forms  of  chronic  suppurative  inflammation  in  the 
middle  ear,  with  their  complications,  so  long  as  they  do  not 
hinder  ordinarj^  work. 

Congenital  or  acquired  total  closure  of  the  meatus  on  both 
sides  constitutes  a  complete  disqualification. 


In  Prussia,  temporary  unfitness  is  caused  by  inflammation  of 
the  meatus. 

Unfitness  for  active  service  is  caused  by  the  following  con- 
ditions, when  of  a  permanent  character  : — 
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((t)  Chronic  impairment  of  hearing,  to  a  moderate  extent, 
in  both  ears. 

(h)   Unilateral  deafness,  with  no  signs  of  active  disease. 

Permanent  unfitness  is  caused  by  : — 

(a)  Absence  of  one  auricle. 

(li)  Deafness  or  incurable  severe  impairment  of  hearing  on 
both  sides. 

(c)  Permanent  perforation  of  the  membrane  and  other  in- 
curable diseases  of  the  ear,  of  a  serious  character. 
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